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Abstract

The risk to human health horn fhgrnents of depleted uranium (DU) at Jefferson Proving Ground
(JPG) was estimated using two types of ecosystem pathway models. A steady-state model of the
JPG area was developed to examine the effket.s of DU in soils, water, and vegetation on deer that
were hunted and consumed by lmmans. The RESRAD code was also used to e%unate the effects
of farming the impact area and wmsurning the products derived from the f-. The steady-state
model showed that minimal doses to humans are expeeted from consumption of deer that inhabit
the impact area. Median values for doses to humans range from about 1 mrem (k 2.4) to 0.04
mrem (t O.13) and translate to less than 1 x 10-6 detriments (excess caneas) in the population.
Monte Carlo simulation of the steady-state model was used to derive the probability distributions
from which the median values were drawn. Sensitivity analyses of the steady-state model
showed that the amount of DU in airborne dust and, therefore, the amount of DU on the
vegetation surface, controlled the amount of DU ingested by deer and by humans. Human doses
from the RESRAD estimates ranged from less than 1 rnrern/y to about 6,5 mretiy in a hunting
scenario and subsistence firming scenario, respective y. The human doses exceeded the 100
rnrem/y dose limit when drinking water for the firming scenario was obtained fiorn the on-site
aquifer that was presumably contaminated with DU. The two krning scenarios were unrealistic
land uses because the additional risk to humans due to unexploded ordnance in the impact area
was not figured into the risk estimate. The doses estimated with RESRAD translated to less than
1 x 10-6 detriments to about 1 x 10-3 detriments. The higher risks were associated only with the
farming scenario in which drinking water was obtained on-site.

vii
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INTRoDuaIoN

The purpose of this repott is to estimate the human health risk of DU tlagments in the

environment at Jefferson Proving Ground {JPG), Indiana. Supporting information for the risk

assessment is site-specific environmental monitoring da@ knowledge of testing programs that

occurred there, and personal hwwledge of the site related by those who work there reguhirly.

The goals of this project were to show that the JPG environmental data can be used satisf~torily

for risk assessments if the data are collected according to a well designed sampling plan; to

estimate the human health risks of DU fragments from munitions testing left in the environment

after closure of JPG; and to test ecosystem models developed for the DU risk assessment at

Aberdeen Proving Ground (APG) against data froi n a site in a slig! ‘ly dif.%rent climate but with

similar deposition of DU fragments. This study was not supplemented with environmental

sampling specifically designed to obtain data for a risk assessment.

The environmental data and knowledge of JPG DU impact areas available for this risk

assessment is an important resource. The main source of environmental data is a summary report

of the environmental radiation monitoring plan (Abboti e{ al, 1983) and the environmental data

collected to 1989. Important information was given to us by Mr. Richard Herring about the

occurrence of different animals in the impact area as well as some of the peculiarities of the DU

deposition in the impact area.

The Environmental Monitoring Plan (ERM) data include information on DU

concentrations in aquatic and terrestrial animals, water and soils, and human urine samples

CO1lccted from workers on the impact area. The summary report also discusses relevant

geological, hydrological, and soil morphology of JPG, and resulted in more reliable estimates of

parameters related to contaminant-environment interdictions. The values used in the modeling

discussed below are tabulated in Appendices A and B, whereas the entire ERM data set is given

elsewhere (Abbott etal, 1983).

Two models were developed for this risk assessment. A steady-state model was used to

estimate the D11 transfix to deer and to humans via consumption of deer tissue. A risk



2

assessment program written for DOE applications, RESRAD, was also used for this risk

assessment. Briefly, RESRAD estimated the human health risk of specific contaminant ts and

uses site-specific parameters supplied by the user. RESRAD gives the broadest look at

contaminant transfer to humans, but has less emphasis on the ecological risk of the same

contaminants.

Estimates of doses and/or risks derived fkom the models are of limited value unless the

uncertainty in the estimates are also given. Uncertainty in the estimates arises from variation in

the input parameters for each model and from conceptual inadequacies of any model. The dab

cited tioughout this report show variation from one time to the next or fi-om one sample to the

next at a gwen time. Thus, the values used in the model estimates are not point estimates but

probability distributions based on the range and expected values reported in the ERM data. The

natural variation of the data was incorporated in the moc!eling conducted for this risk assessment.

The sensitivity of different models or p~c of models is related to uncertainty. We

needed to know which parameters most affkcted the estimated IN-J concentration or risk estimates

calculated by each model in order to better understand and quantify model uncertainty.

Sensitivity information helped identify those parameters or processes that could result in

significant change in the risk estimates if the values for those parameters is under- or over-

estimated. Sensitivity analyses for each model will be presented m will the methodology for

determining both sensitivity and uncertainty.

JPG Environment--Overview

The environment at JPG is characterized by deciduous forests incised by several surface

streams and rivers, and aquatic and terrestrial biota supported by the forests. Rainfall averages

about 37 inches annually with most precipitation in the winter and spring. Average yearly

temperature is about 50° F and the mean monthly temperatures range from about31” to 76° F.

The surface geology of JPG is dominated by Quaternary glacial activity. Glacially

altered deposits generally overlie limestone bedrock, and the bedrock is exposed in some areas,
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especially in stream dmnnels. Soils tend to have fragipans owing to development in loess

deposits under slightly acidic conditions since the last (Wiscmsirii glaciation. Surfkce water is

mainiy in streams and rivers tltat incise JPG and flow horn NE to SW, and there are several

small ponds and two larger lakes on the JPG reservation. Surface water colleets and conveys

runoff horn the site and includes runoff fhm agricultural lands that surround most of JPG.

Surface waters also support populations of aquatic and terrestrial animals including white-tailed

deer, raccoons, cottontail rabbi~ foxes, small- and large-mouth bass, crappie, carp, and a

diversity of birds. Groundwater at JPG is generally found close to the surface and tends to be

found near the contact with the limestone bedrock. Depths from the surface to bedrock from

several test wells on the site ranged from about 5 feet to about 27 feet, and water tables were

observed in the same wells at approximately the same depths as the contact with bedrock.

Utilization of game animals (i.e., birds, fish, and mammals) occurs and is an important pathway

to investigate for potential DU transfer to humans. More detailed discussion of the J?G

environment before and since DU testing is found in the JPG environmental review (Abbott e( al,

1983).

EXPOSURE MODELS

The most time-eflicient and systematic means of estimating the effects of contaminants

on ecosystems andor humans is to develop mathematical models that describe the interactions

between organisms in a pwiicii!a environment. The organisms described by a model are

considered compartments or components of the model. The purpose of models is to understand

~he flow of a contaminant, in this case depleted uranium, through the compartments of the

system.

In the following sections two modeling approaches are described, discussed, and the

results from using the models are presented. These approaches are i) steady-state, and 2)

detailed environmental pathway analysis. The steady-state model requires the least amount of

data and can be used even when several parameters are estimated. The environmental pathway
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approach quantifies the interactions between compartments more realistically and demands more

complete knowledge of the system being studied. The pathway approac~ also fiords the

program user a more dctaikd e~ “on of the interactions between compartments, thereby

making it possible to know more about contaminant t transfer throughout the system of intexest.

Each approach used in the risk assessment of DU at JPG will be presented below.

Steady-State Model

The steady-state model was based on the two-component, steady-state model described

by the NCRP (NCRP, 1984). The N(XP model was developed for estimating radionuciide

uptake by plants and animals in the vicinity of md~i.’ power plants and includes intake of

radionuclides by animals grazing fkom foliar surfaces and from radionuclides internally

deposited in the plants. The NCRP model was readily adapted for use in the JPG risk assessment

by including a term for soil ingestion by animals, changing the animal of interest horn cattle to

deer, modi~ing the fd and water intake rates accordingly, and including the transfer of DIJ to

man by way of consumption of deer tissue. Figure 1 is the schematic of the JPG steady-state

model.

DU transfer between system compartments is quantified in Equation 1:

(1)

where Ci is the concentration of DU in deer tissus, Fa is the transfer coefficient from ingested

DU to deer tissue, Ca is the DU concentration that passes into plant roots from soil and is

incorporated in the plant tissue, Cd is the DU concentration deposited on the surface of plants

eaten by deer, fp is the fraction of time deer spend on the contaminated area, ff is the fraction of “

the fodder supply that is contaminated, Qf is the consumption rate of vegetation by deer, fs is the

fraction of the ingested soil that is contaminated with DU, Cs is the DU concentration in the soil,
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m
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Figure 1. Schematic diagram of Steady-State Model. Source is DU deposited in soil, arrows
indicate DU migration fiwm one component to another.
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Q. is the soil ingestion rate by deer, CW is the DU concentration in water drunk by deer, fWis the

ikiction of the water that is contaminated, and QW is the consumption rate of water by deer. The

term f~C~Q~describes the soil ingestion component of Ci$ the ~fWQW term describes the water

ingestion component of Ci, and the remabing term describes the contribution of DU fkom plants.

The DU concentration in plant tissue, Ca, is calculated by Equation 2 as

Ca=w-ex::’tb)l(2)

where d is the estimated deposition rate from air, B 1 is the bioconcentration fhctor for soil to

plants (NCRP 1984), P is the soil bulk density within the plow layer, LI is the removal rate or

leaching rate of DU fiorn the soil, and tb is the time the DU accumulates in the contaminated

area. The deposition rate from air is the amount of DU that is deposited after a penetrator

impacts contaminated soil and lifts ‘the soil into the air. Ambient winds also result in

resuspended DU but at lower %equncy than resuspension frwn penetrator impacts. The

deposition amount and rate depend on the soil concentration of DU in the area where the

penetrators impact and on the amount of DU in particles small enough to be transported in the

air. From measurements and field observations at APG, only a fraction of the total inventory is

available for transport by resuspension because some of the fragments are deposited in areas of

infrequent impact, and some iiagments are too large to be deposited on plant surfaces.

We used data from YPG (Price, 1991) and APG to estimate probable locations within the

.IPG impact areas that would result in the largest surface deposition rate and therefore the largest

DU deposition on plant surfaces. The location at YPG that is most likely to result in large values

of d is at about 2500 m downrange from GP 17A (Price, 1991, Appendix A). Assuming that the

impact area of GP 17A is as indicated in Price’s Appendix A (Price, 1991), then the area of

greatest concentration is conservatively estimated at 5!40of the to’~! impact area. The total DU

concentration in the affected area is no greater than about 10“/Oof the total inventory in the
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environment. Usi~g this information, the deposition rate was calculated by taking the fmction of

the total inventory that is available for redistribution and dividing it by the amount of area that is

available for deposition. EN-Jrecovery data from APG showed that there are two areas that could

be most susceptible to conditions favoring resuspension of small particles.

The DU removal rate in Equation 2 is defined by Equation 3 as

where ~ is the loss of DU due to radioactive decay, kL is the loss of DU due to leaching through

the soil, and kl{ is k ss of DU due to har{est and removal of vegetation from the food supply.

Since DU has an extremely long half-life (235U = 7.1 x 108 years, Z3QU= 2.5 x 10s years, and

2381J = 4.5x 10~ years), the amount of DU lost per unit time (per day in the model) is small and

does not contribute signdicantly to Xl. There is no harvest or weed removal reported at .JPG,

except for v~gctation consumed by deer and other animals, so the loss rate due to harvest is O.

Thus, k] depends only on leaching of DU through the soil. A simple leaching model was used

(NCRP, 1984; Hoffrn~ and 13aes, 1974) and is given as Equation 4:

(4)

where V,Vis the velocity of water percolating downward through the soil, d, is the depth of the

root zone, p is the soi 1bulk density, ~ is the volumetl.: water content of the soil, and Kd is the

distribution coefficient or the ratio of DU on the soil particles to the DU concentration in the soil

water at equilibrium.

The concentration on the surface of foliage, c’ in Equation 1, was calculated using

Equation 5:
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(5)

where fr is the tmc~ion of the material intercepted by the plant surface, Tv is the translocation

fiictor to edible portions of the planL d 1s the deposition rate as defined in Equation (2), YVis the

standing phant biomass at the end of the growing season, kE is the removal constant of DU from

the plant surface, and te is the time the plant has been exposed to DU at the rate specified by d.

1~ is calculated using Equation 6:

(6)

where At is the radioactive half-life as defined in Equation (3) and ~, is the time required for cne-

half the deposited DU to be lost from the surface of tic plant. Since \ (per day) is small with

respect to the second term of Equation 6, kE is effectively a fimction only of ~. The values,

ranges, and statistical distributions of the variables listed in Equations 1 -6 are too numerous to

list in this text. Instead, these values are tabldated in Appendix A.

Sensitivity and Uncertain/y Analyses, Estimating the DU concentration in deer meat

consumed by humans (Ci, Equation 1) also requires estimating the uncertainty or the statistical

distribution of Ci. The calculations detailed abo~ e were used in a Monte Carlo simulation to

show the effects of variation in the input parameters cm the estimated IXJ concentration in deer

tissue. The Monte Carlo simulation is an iterative approach to determining the uncertainty in the

estimate of Ci, and assumes that all the parameters are random variables with a probability

distribution of values within known ranges. The probability distribution of each of the

parameters is also important information used in the Monte Carlo simulation. Each parameter

can take on a value within a given range; parameters that are relatively well known will also have

information about the distribution of the values for the specific parameter.



In a Monte Carlo simulation, one value of each parameter in the model (Equation 1

including the contributions from Equations 2- 6) is chosen at random from the range and within

the probability distribution of that parameter. The chosen values are then used to “Aculate a

single point-estimate of Ci in Equation 1. Afler the first calculation, new values are chosen at

random for each parameter and a new value of.Ci is calculated. The Monte Carlo simulation

continues for any number of iterations.. The important result of the Monte Carlo simulation is a

probability distribution of values of Ci. The distribution has an expected value and a

characteristic shape that indicates the error or uncertainty in the estimate. Estimates of the

uncertainty in Ci are better determined as the number of iterations increases.

We used the values and distributions in Appendix A to estimate the uncertainty in the

predicted concentration Ci (Figure 2 and Table 1). The results of 10,000 iterations were used to

generate Figure 2. Table 1 shows that the distribution is positively skewed, indicating that the

probability of a value less than the mean is much greater than the probability of a value greater

than the mean. The median value of Ci in Table 1 shows that there are equal numbers of

occurrences above and below 17.1 x 10-3 pC.i/g, and the mode shows that the most probable

estimate of Ci is about 14.2 x 10-3 pCi/g. The standard deviat! m of the m~m is slightly larger

than the mean (23.5 x 10-3 pCi/g) and suggests that there is equal probab~lity that an estimated

value of Ci could be Oor about 50 x 10-3 pCi/g.

Of equal importance is determining the parameters that most influence the estimated

values of Ci. Monte carlo simulation was used to examine those parameters that are the most

sensitive. To estimate the sensitivity of the model the parameters were allowed to vary at

random within their ranges as they were in the uncertainty analysis, however, only one

parameter per simulation was varied while the remaining parameters were held at a fixed value.

Ten thousand iterations were run, then the probability distribution \vas constructed and statistics

were calculated for the calculated Ci’s. (he c~fthr statistics. the standard deviation, was one

measure of how much variation onc parameter caused in the estimated Ci’s. A parameter that
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o

-MxJe= 14.2

0 0.05 0.1 0.15

Ci @Ci/g)

Figure 2. Frequency distribution of DU concentrations in deer tissue, Ci$ calculated from the
steady-state model. The distribution of Ci values was obtained from 10,000
simulations of Equation 1. Values for the parameters were randomly selected from
their own distributions for each simulation.



Table 1. Selected stati>ti,+s from Monte Carlo simulation of DU in deer tissue, Ci. See Also
Figure 2.

Number of Trials
Mean
Median
Mode
Standard Deviation
Range Minimum
Range Maximum
Skewness

10,000
22.1
17.1
14.2
23.5
0
500.0
6.38

———— ——.

resulted in a large standard deviation about the mean was considered to indicate more sensitivity

of the model to that parameter.

Ranking the standard deviations calculated from each Mcmte Cario sim~’lation gave the

relative sensitivity of the model to variations in parameters. Figure 3 shows ihat soil ingestion is

the most sensitive parameter in the Ci calculated using Equation 1. The “standard deviations for

each parameter in Figure 3 were obtained by estimating Ci and allowing only the parameter of

interest to vary within its range. A large standard deviation indicates more sensitivity of Ci to

variation in the input parameter. Figure 4 shows the mean, median, and mode of Ci calculated

with one of the three paramters vaxying and the other two held constant. The contributio~is of

soil ingestion and water consumption to Ci are clearly more significant than the contribution

from consumption of vegetation. Table 2 and Figure 5 show the results of Ci calculations using

all three parameters simultaneously.

The results of the sensitivity analysis depend on the assumptions about the DU deposition

rate as discussed above. 1f the deposition rate is inaccurately estimated. the amount of DU on

plants could significantly alter the Ci estimates. l:or instance, if 50% of the inventory were

resuspended from the entire impxt area of the site. !hc values rtqm-tcd in ‘1’able 1 would

increase. arid the impi)rtance of ingested plant material would dominate the estimates of Ci.
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Figure 5. Distributionof DU concentrations in deer tissue, Ci3if uniformconcentrationof DU
fi-agmentsis assumed for entire impmt area Simulation conditions were simiinr to
those used for Figure 2,



Table 2. Selected statistics from Monte Carlo simulation of DIJ in deer tissue, Ci. Entire impact
area used as area of resuspension. See also Figure 5.

Number of Trials
Mean
Median
Mode
St,andard Deviation
Range Minimum
Range Maximum
Skewness

10,000
59.6
37.6
20.8
62.5
0
1170
2.68

Soil ingestion is the parameter with the largest contribution of the three components

described by Equation 1. “Themagnitude of tne suil ingestion term depends mainly on the soil

concentration of DU, whereas the soil ingestion rate plays a secondary role. Figure 6 illustrates

the dominance of C~ in the soil ingestion term, DU ingested from drinking water is the second-

most important term in Equation 1 and depends on the water concentration of DU. The quantity

of water consumed and t?e amount of water that is consumed from contaminated sources are of

secondary importance as shown in Figure 7.

While the contribution from the plant term is small, there are several factors that should

be discussed. Equation 2 shows the effect of DU internally deposited in plants through plant

roots. The small magnitude of the bioconcentration factor indicates there is little DU taken into

the plant through the roots. Higher soil concentrations, lower leadiil ig rate (Al), DU in finer-

divided particles, and more extensive root systems in the contaminated soils would increase the

amount of D(J absorbed across plant roots. Relatively high concentrations of U and other metals

have been found in plants, but high plant concentrations occur mainly in areas of much greater U

availability in soils (Ibral,im and Whicker, 1988).

“Ihc contribution of DU deposited on plant surfaces, Cd, is more significant in this model

than the DU absorbed through the root membranes. Equation 5 shows the factors that go into the

calculation of surface deposited I)U (Figure 8), The most sensitive factors are the size of the
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allowing only one parameter to vary and holding the others constant during 10,000
simulations, then repeating the simulations letting the other parameters vary one at a
time.
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area from which the available IN comes, discussed previously, and the biomass that is ava.ilablc

as the depositional surface for DU and, therefore, as food for the deer. The interception fraction

of the plants, fn and the translocation factor, T“, are important but less so tk the biomass and

area of contamination parameters. The dependency of cd on the resuspension ~ biomass,

translocatkm factor, and interception fraction shows the importance of the density of the plants

used for food and the amount of area covered by the plants. These factors interact sufficiently to

alter the model output if a larger area for resuspension is used in the modeling or if large biomass

is associated with any area.

RESRAD Model

The RESRAD model was developed for the DOE and is an acronym for Residual

Radioactive Material Guidelines (Yu, et al, 1993). P@SRAD is based on the same principles as

the steady-state model but is far more complex in its handling of environmental pathways. The

steady-state model described transport of DU (or other contaminants) from the source (deposition

on the soil) through p]rots, soil, and water to deer and eventually to humans; RESWD also

models similar contaminant flow, but at a different level of detail. RESRAD describes the flow

of DU from soil through many of the same pathways and also includes dose to humans from

. radon, resuspended DU inhaled directly from airborne dust and DU incorporated with plants, DU

added to plants via irrigation, and dose due to irradiation from contaminated soil. Dose

assessments to humans, and therefore risks of detriments to humans, are the focus of the

RESRAD calculations and only limited information on the dose or exposure to the environment

can be obtained.

RESRAD requires more data than the steady-state model because of the large number of

compartments and interactions that are included. The ERM data were used extensively as input

for the KESRAD simulations, but there are several additional parameters that are not explicitly

described h the environmental report. For example, the soil porosity and volumetric water

content are not discussed specifically in the environmental report, but there is sufficient
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information about soil types that reasomble estimates of these parameters could be made.

Critical parameters such as concentrations of DU in soil and water were readily obtained flora

the environmental report. Appedx B is a tabulation of a!! the values used for the various

RESRAD simulations that will be presented below.

RESRAD can be modified in order to simulate different land-use scenarios ranging fiorn

occasional site use, such as hunting several times of year to subsistence farming on the site by a

resident family. Three scenarios were simulated in this report: 1) occasional use from hunting

deer or other terrestrial animals four times per year for one week each time; 2) a fimily farming

the site and obtaining all food (meat, milk, and vegetables) from the farm, but bringing drinking

water for human consumption from an uncontaminated source; 3) the same scenario as 2) but all

the drinking water is derived from wells on-site. These three scenarios bracket potential fbture

use of the JPG DU impact area.

The input data for each scenario are presented in Appendix B and will be briefly

discussed in this text. The environmental report provided enough data to estimate the average

and maximum soil and water concentmtions at JPG. The mean, standard deviation, and range in

the environmental data are given in Table 3 for 234U and 23gU. Most of the other inputs were

estimated from other information presented in the environmental report. Estimated values

included the DU concentration in suspended dust; the amount of DU deposited on the surfaces of

foliage used for food by animals and man; soil parameters including volumetric water content,

erosivity indexes, and mineralogy; and the size of the area that was contaminated, The latter was

an important parameter to estimate Initially the contaminated area was set as that part of the

impact area that contained most of the DU fragments, i.e., the majority of the imract area at JPG.

The initial dimensions were 500 m (E-W) by 6000 m (N-S, along the firing line) or about 3 x 106

mz and were based on the JPCJ controlled area. DU recovery data from APG showed that most of

the fragments were recovered in two 500 m-wide sections of the impact area extending from

1200 mto2100 m beyond the B-3 catch box and from 2300to3100 m beyond the catch box, an

area of about 8,5 x 10s mz. It is assuned that the amount recovered is proportional to
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Table 3, Range, mean, and standard deviations for soil and water concentrations from Abbott et
al (1983). Concentrations are 2S8U and 234U activities as pCi/g or pCi/L.

Soi19
Mean
StandardDeviation
Minumum
Maximum

Water
Mean
Standard Deviation
Minumum
Maximum

1.61
3.84

0
32.2

1.65
2.47
0.1
19.6

238u

6.99
24,13

0
203.4

1.92
4.53

0
34.5

8.60
27.50

0
235.6

2.99
6.70

0
45.1

1. XU is the mean, standard deviation, and range calculated from ~uf38 +U~34.
i

the amount that remains on the impact area. Based on these two estimates of the contaminated

are% 1 x 10~ mz was selected as the contaminated area at JPG.

Hunting or Occasional Use Scenario. The first scenario tested the use of the impact area

for hunting or occasional recreational use. It is assumed that the site users will be in the impact

area for no longer than one week per visit and visit the site four times a year. It is further

assumed that all food and drinking water consumed by the users is brought in from off site and is

uncontaminated above background levels. Hunters will take animals, in this case white tailed

deer, raccoon, rabbit, or squirrel, and consume the edible portions in place of all Gr part of their

normal variety of meat. The deer in the impact area were assumed to range within the impact

area throughout their lives and consume all food and water from sources within the DU impact

area Thus, all food and wdter consumed by deer can be considered contaminated with DU. The

animals hunted can be any other animals that occupy the site; but the data base on white tailed

deer from JPG ERM data and the APG study were more extensive than for other animals,
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In addition, the hunter or occasional visitor fishes in the streams on the site and consumes

the catch at home. The total amount of fish taken and consumed is considered to replace 50% of

the fish consumed yearly in the visitor’s or hunter’s household. The hunter or occasional visitor

spends the nights in tents pitched on the ground, and transportation while on the impact area is

strictly on foot. The hunter’s or visitor’s range during the visit is the impact area itself with little

movement outside the area except when entering or leaving.

The RESWD simulations were run for 1000 years from the time the site is

hypothetically available for use. Total dose, or dose to humans from all sources, is shown in

Figure 9. The dose throughout the simulation is small (maximum of 0. ! 5 rn:ew~y) and is mainly

due to dust inhalation and exposure to contaminated surface soil. Larger doses were estimated

when the dust loading, or the &st concentration in the air, was increased by a factor of 10. Dust

loading greater than 200 ~g/m~ could be imagined in heavily plowed areas or h extremely dusty

environments, but it is not likely that such high dust loadings could be maintained for long

periods. The JPG ERM data (Abbott et al, 1983) suggest an increase in airborne U during

burning, but the increase is less than an order of magnitude over background. Therefore, the

dose estimates from environments with high dust loadings are included mainly as illustration of

the sensitivity of the model.

Since contaminated water is not consumed by the hunter or visitor, there is little

contribution to the total dose horn water-dependent pathways. Figure 10 shows the total dose

from water-independent and water-dependent pathways. Figure 11 shows the total dose for the

same scenario except that the soil concentration of DU was held at 35 pCi/g. The total dose

increased significantly when the 35 pCi/g soil concentration was used, but is still only a fraction

of the allowable annual dose to the general public of 100 mrem/y. The dust loading was varied

as it was in Figure 9 to show the effects of extremely dusty conditions and on the sensitivity of

the total dose to humans to this parameter.

Like the steady-state model above, RESRAD simulations can be subjected to sensitivity

anal ysis, although the analysis is more limited than in the steady .state model, The sensitivity
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Figure 10. Water-dependent and water-independent contributions to the total dose from the

hunting/occasional use scenario. Figure is based on nominal (200 pg/m3) dust
loading and average soil concentration, Water-dependent dose is low because
drinking water was brought in and no on-site produce was consumed.
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Figure 11. Total dose estimated using DU soil concentrationof 35 pCi/g, wuterconumtmtion of
1 pCi/1,and varying the dust loading. Graphillustratesthe importanceof actual soil
and water DU concentrations in dose calculations.
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analysis provision showed that the parameter of most importance in the hunting scenario is the

mass loading, i.e., dust concem.ration, of DU in the air. The value used in the simulations was

the default value is 2 x 10A glma (200 pghna) Different values are cit~d, the largest coming

from agricultural fields that are plowed during mass loading measurements (Sehmel, 1980). The

default value of 2 x 10A g/m3 includes mechanical disturbance that could resuspend large

quantities of contaminated soil in snort periods of time and for short duration (Gilbert, ef al,

1989). In addition, the default value is similar to the dust concentration reported in Cincinatti,

Ohio, approximate] y 100 miles east of JPG. When the value was varied by one order of

magnitude, the totai dose increased significantly. However, 200 mg/ms is a dust concentration

that is extremely high and found only in situations of severe mechanical disturbance to soils such

as immediately behind a disc plower. The effects of changes in the mass loading coefficient are

shown in Figure 9 using average soil concentrations and Figure 11 using maximum soil and

water concentrations. Variation in other input parameters resulted in smali changes in the total

dose, and no changes of the same magnitude as for the mass loading coefficient were observed.

There is little risk of death due to radiation-induced cancer or human detriment resulting from

this scenario.

Resident Farming Scenario #l. The first resident farming scenario tested includes a

family or families living cm the impact area full time and producing all meat and vegetables from

fields in the contaminated area. Livestock fodder is produced on-site and all irrigation for plants

and drinking water for animals is pumped from the aquifer that contains small amounts of DU.

The family, however, obtains their drinking water from an uncontaminated source off-site such

as the City of h4adison, Indiana, Figure 12 shows the results of the resident farming scenario

with supplied drinking water.

“rhc total dose for this scenario is again dominated by the dose from inhaled dust and

piwtly by irradiation from contaminated soil early in the simulation. After about year 3(J the

contribution flcm the meat and produce grown on the farm contributes significant y. The total



24

6 “

4 “

2 -

t)
o ,
1 10 lm low

Year

Figure 12. Total dose from farmingscenario #l using average soil concentration. Dust loading
is the most sensitive parameter,and the range is the same as in previous figures.
Dose to humans is significantly greater thanhunting scenario due to longer times on
the site and mnsurnptionof more produce fi’omthe Sk



dose, however, is low, about 1.3 mrendy, well below the 100 mrem/y exposure limit for the

general public.

Figure 13 shows the doses due to water-dependent and water-independent pathways.

Sensitivity analyses of this scenario indicate that the mass ioading is again an important variable,

especially early in the simulation (Figure 12). The an-lyses also showed that the amount of

irrigation water applied influenced the total dose, but there was little increased dose from

increased water consumption by livestock. Variation in the distribution coefficients in the

contaminated zone soils and in the aquifer also had little effect. The water-independent pathways

contributed about the same proportion of the total dose as in the hunting scenario, but the water-

dependent pathways showed a much different pattern (Figures 13 and 14). Inhalation of DU and

surface exposure were the largest contriubtors to humans dose; consumption of plants, mi lke, and

meat were significant but small contributors.

The total dose increased significantly when soil and water DU concentrations were 35

pCi/g (Figure 15). The nominal case (2 x 10-4 g/mq) showed about 8 mremly total dose, and

about 34 mrerdy when the mass loading increased by an order of magnitude (Figure 15). Mass

loadings of 2 x 10-3 g/m3 are much greater than the average loading to which the residents would

be exposed, but this value illustrates that the 100 mretiy limit can be approached under

unreasonably concentrations of dust. The water-independent and water-dependent pathways

contributed about the same proportions to the total dose for the average soil and water DU

concentration as they did in the hunting scenario above (Figure 16).

Resident Farming L%’enario #.2. The second farming scenario is the same as Farming

Scenario # 1 but also includes use of well water from the site as the drinking water supply for the

resident family, As expected, the total dose to humans under this scenario is significantly higher

than in the previous farming scenario (I:igurc 17). Doses frotn all pathways exceed 100 rnrendy

bctwwm year I() and year 100 when average DIJ soil concentration and 1 pC~i/1arc uscci for part

of the simulation period. Figure 18 shows that drinking water consumption dominates

dose from wi~t~r dcpcndcnt pathways and the total dose. ‘rhe largest dose from water

both the
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Figure 13. Water-dqenknt and water-independentcxmtributionsto total dose, fkming scenario
#1 and average soil concentration. Dose from waterdependentsources is due to
consumption of prodq m“~ and fish. Dose from water Mepen&nt pathway is
from dust inhalationand irradiationfim cxmtarninatedsoil. Figure based on
nominal (200 pg/mq) dust loading.

Figure 14, Dose fmm waterdependent pathways, farmingscenario #1, average soil
concentration. Nominal (200 @m3) dust loading used for this figure.



Figure 15. Totnl dose, fhrmingscenario #1, assuming 35 pCi/g soil and waterwncentrations of
1 pCi/1DU across the site.
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I@urc 16, Waterdepmdent and wa[cr independentwntribulions to total dose farming scenario
#1. Soil concentrationof 35 pCi/g and water concentrationof I pCi/1were assumed
throughoutthe site as in Figure 15. Nominal dust ioading used for this graph.
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Waterdependent contributionsto total Jose, farmingscenario #2, average soil
concentrationand 1 pCi/1in water. Nominal (200 pg/mg) dust loading used for this
figure. Total dose dominated by the eantributionsfrom fish eoncumption and
drinkingwater. Compare to Figure 14.
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independent pathways was from inhaled DU, but the total contribution was less than 1 0/0of the

total dose (Figure 19).

Increasing the soil concentration to 35 pCi/g and keeping the water concexitration at ?

pCi/1 resulted in total dose to the site resident well in excess of 100 mremly (Figure 2~. The

dose from water dependent pathways and the total dose were dominated again by the

consumption of drinking water with minor contribution from inhalation of IN. Figure 21 shows

the impo~ac~ of drinking water consumption on the total dose, and Figure 22 shows the relative

contributions of water-dependent and water-independent pathways. The total dose exceeds 100

mrem/y from year 1 through year 100 because of the increased transport of DU through %e

system.

Doses to Humans Estimated from Mouels

‘The models discussed in the previous sections provide estimates of DU concentration in

different ecological compartments, or in the case of RESRAD, provide dose estimates from

different pathways. Since the models define the pathways and methods used to calculate DU

concentrations, different values of the doses were obtained from different models. The steady-

state model generates doses that remain constant through time since time-dependent values am

not used in the model. Doses calculated from the steady-state model are therefore conservative

because they do not show the effects of DU source-term depletion with time. Doses calculated

from RESRAD, on the other hand, show important temporal effects that the steady-state model

cannot show. For example, Figures 17 and 20 show increasing dose through he first 10 to 20

years, a maximum in the dose for the next 200 years, then a sharp decrease due to DU source-

term depletion or flushing the DU out of the system,

The doses for the steady-state model were calculated by converting the expected Ci

values to dose rates using Equation 7:
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Figure 20. Total dose assuming soil co~ “on of 35 pCi/g and water conwmtration of 1 pCi/1
across the site, kning scenario #2. Nominal dust loading used for this graph
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Figure 21.

Figure 22.
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Contributionsfrom water-dependentpathways to total dose based on soil
concentrationof 35 pCi/g and water concentrationof 1 pCi/1. Dose is dominated by
fish andwater consumption with relatively small contributionsfim difkrent
pathways.
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Water-dependent and water-independent contributions to total dose assuming soil
concentration of 35 pCi/g and water concentration of 1 pCi/1, farming see&o #2.
The large contribution horn the water dependent pathway is due to consumption of
fish and drinking water at the site and DU transfer to produce, meat and milk.
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(7)

where E is the effective annual dose (mren/y), Ci is defined in Equation 1, Qmis the quantityof

meat mnsumed yearly, fa is the &action of DU absorbed into the body (i.e., the DU that is not

initially excreted), DCF is the dose conversion factor (DOE, 1988), wt is the appropriate tissue

weighting factor (ICRP, 1990), and 1000 is a units conversion factor. Table 4 shows the values

for DCF and Wt used for the conversions. The effective dose was calculated for exposure of

different tissue to DU, and the CEDE was used so that doses from the Steady-Sate model could

be compared with doses calculated from the RESRAD model. Since the CEDE is a measure of

the effective dose equivalent to all organs, the wt is 1. The radiological doses were calculated

with the values of Ci in the steady-state model, thus the estimated doses were subjectrd to the

same sensitivity and uncertainty analyses as Ci. The mean, median, mode, and stand~d

deviations of the effective doses are given in Table 5.

Annual effective dose calculations using the steady-state model are low for exposure of

kidney (1.85 x 10-s mrem/y), bone surface (0.92x 10-3 mretdy), and G] tract (7.0x 10-2

mrem/y), as well as for the cumulative effective dose equivalent (CEDE, 0.62 mrem./y). The low

doses reflect the small amounts of DU transferred through different pathways considered in the

model. Table 5 lists the mean, median, mode, and standard deviations of the doses estimated

with the steady-state model.

Comparison of the CEDE values from the steady-state model in Table 5 with the dose

ratss calculated for the hunting scenario with RESRAD show sin-,ikir trends but clearly different

values. Tables 5 and 6 from the steady-state model and RESRAD model, respectively, show

clear differences between the two types of models. Figures 9 and 10 show the dose rate over

time from all components in the model, thus, the values shown in the figures do not agree with

the values in Table 6. However, when only the dose from meat consumption in the RESRAD

results are used for the comparison the two sets of calculations are in much better agreement,
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Table 4. Dose conversion factors for Z38U and 2JSU (DCFu,, rem/Ci) and tissue weighting
factors (wJ used for calculating human doses and detriment due to radiation.

Kidney Bone Surf_ GI Tract CEDE
DCFU1 1.5 3.7 0.05 0.23

wlt2 0.05 0.01 0.05 1.0

1 Source: DOE, 1988.
2 Source: ICRP, 1990.

—

Table 5. Estimated human dose from consumption of deer tissue, steady-state model. Doses for
all but CEDE include appropriate tissue weighting factor (_iCRP, 1990).

Dose (in 10-3 mrem/y)

Human Tissue Mean Median Mode Standard Deviation

Kidney 1,85 1.04 .03 2.36

Bone Surface 0.92 0.51 0.017 1.2

GI Tract 0.07 0.04 0.008 0.13
CEDEI 0.62 0.36 0.083 0.75

1 CEDE is the cumulative effective dose equivalent, or the summation of the
effective doses to all tissues.

The largest RESRAD dose is about 0.36 mrem/y from consumption of deer meat, whereas the

steady-state model is 0.62 mrerrdy. The RESRAD dose, moreover, falls within the standard

deviation of the steady-state model result. The RESRAD calculations for the hunting scenario

also show that the contribution to the total human dose from meat consumption is the largest

contribution from food products (Figure 23), and that there is a significant contribution to dose

from the dust inhaled by humans and from contaminated soil (Figure 24). The trend in the

steady-state model as well as the meat consumption portion of the RESIL4D model support the

conclusion that little DU is transferred to humans by the deer consumption pathway.
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Table 6. Annual doses (mrern.ly) from all pathways calculated from RESRAD model scenarios.
Annual dose is based on CEDE and is shown for each year of the simulations. Doses
for average and 35pCi/g soil and water concentrations given.

Hunting scenario
Year

Dose (mrem, Ave.)
Dose(rnrem,35 pcilg)

Farming Scenario #l

Year

Dose (mrem,Ave.)
Dose(mrem,35 pCi/g.)

Farming Scenario #2
Year

Dose (mrem,Ave.)
Dose(mrem,35 pCi/g.)

o 1 3 10 30 50

0.36 0.35 0.33 0.28 0.16 0.09
1.6 1.5 1.4 1.2 0.7 0.4

013 10 30 50

1.48 1.44 1.37 1.14 0.66 0.37
6.43 6.27 5.94 4.94 2.87 1.63

013 10 30 50

1.63 23.3 54.6 98.7 110.1 Ilo.1
6.6 115 271 490 548 549

100

0.02
0.07

100

0.07
0.32

100

110.7
551

300

5.6 x 10-3
0.02

300

0.05
0.21

300

0.096
0.05

500 1000

6.0 X 10-3 6.3 X 10-3
0.02 0.02

500 1000

0.05 0.06
0.22 0.23

500 1000

0.1 0.1
0.05 0.06

Estimated Risk Calculated ftom Doses

The estimated detriments to humans

ICRP guidelines (lCRP, 1990). Detriments,

from the above dose rates were calculated using the

for the purpose of converting the doses estimated

using the above models, are the sum of radiation-induced fatal cancers, non-fatal cancers, and

severe hereditary effects in humans.

Table 7 shows the estimated detriments to humans based on the results of the steady-state

model. The total detriment to humans, including radiation workers or the general population, is

between 3.5 x 10-7 detriments per year and 4.5 x 10-7 detriments per year based on the

cumulative effective does equivalent (CEDE) of Table 4. Detriment due to doses to other tissues

are of the sarn~ magnitude as calculated using the CEDE. Table 8 shows the estimated

detriments to adult radiation workers and the whole population from the doses calculated in the

RESRAD simulations. Farming scenario #2 generates the highest human health risks, as

expected, because of the highest ingestion of and exposure to contaminated soils, food, and

water; the hunting scenario generates the lowest risk because of minimal ingestion and exposure,
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Doses used for Table 8 include average and maximum soil and water DU concentrations but

show only default dust loading simulations (200 pg5).

Simulations run with average soil and water concentrations show expected annual

detriment of the same magnitude as the results from the steady-state model until about year 300,

then significantly lower dose and detriments per year thereailer. Farming scenario simulations at

maximum soil and water concentrations show annual detriments in the 10-5 range. These results

suggest the importance of using accurate soil and water concentrations and the importance of

using reasonable dust loadings (i. e., much less than 2000 ~g/m3) in or !er to provide a better

upper bound on the soil and water concentrations used in the simulations. RESR4D and the

steady-state model assume that the values of soil and w~ter concentrations are uniform across the

area of contamination. Ile environmental data show that DU concentrations in soil and water

vary considerably as do DU concentrations in most of the parameters monitored. The doses and

detriments calculated for the highest soil and water concentrations are conservative in that they

assume soil and water DU concentrations for the entire impact area that are higher than have

been documented by the environmental data.
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Table 7. Conversion of annual doses to annual detriments in adult workers md the whole
population from the steady-state model. Detriments are tabulated below as 10-7
detriments per year, and are a sum of fatal cancers, non-fatal czmcers, and severe
hereditiwY effects. Conversion based on 1 x 10-z detriments/Sv or 1 x 10-7
detrimcntshnrem (ICRP, 1990).

Adult Workers
---------------- 10-7 Detriments/year----------------

Dose Rate Fatal Non-Fatal Hereditary
Tissue (mrernfy) Cancer Cancer Effects Total
Kidrmy 1.85 ~ 10-3 7.4 1.5 1.5 10.0

Bone Surface 0.92 x 10-3 3.7 0.7 0.7 5.2
GI ‘fract 0.07 x !o-~ 0.3 0.06 0.06 0.4
CEDE 0.62 x 10-3 2.5 0.5 0.5 3,5

Whole Population
---------------- 10-7 Detiments/year ----------------

Dose Rate Fatal Non-Fatal Hereditary
Tissue (ret-em/y) Cancer Cancer Effects Total
Kidney 1.85 X 10-s 9.3 1.9 2.4 14.0

Bone Surface 0.92 X 10-s 4.6 0.9 0.1 6.7
GI Tract 0.07 x 10-3 0.4 7.0 0.1 0.5
CEDE 0.62 X 10-3 3.1 0.6 0.8 4.5

.—..— ——— —— —



38

Table 8. Excess cancer risks based on doses in Table 6. Excess cancers are tabulated as 10-S or
10-6 cancers per year from all pathways. Exposed individual is the site user or site
resident.

Year o 1 3 10
Hunting Scermrw, Average Concentrations

(x 10-6)
Site User 3.4 3.4 3.2 2.6

Hunting Scenario, 35 pCVg Soil Concentratwn
(x 10-5)

Site (Iser 1.6 1.6 1.5 1.2

Farming Scenario #1, Avera e Concentrations
!(x 10- )

Site Resident 1.4 1.3 1.3 I.1

Farming Scenario #1, 35 pCVg Soil Concentration
(x 10-+

Site Resident 6,4 9.3 13.4 19.2

Farming Scenario #2, Aveca e Concentrations
5(x 10- )

Site Resident 1.4 8.5 18.8 33.3

Farming Scenario #2, 35 pClg Soil Concentration
(x 10-+

Site Resident 6.4 41.9 93,2 165.9

30

1.5

0.7

0.6

20.7

37.0

184.3

50

0.85

0.4

0.4

20.7

37.0

185.0

100

0.16

0.08

0.06

20.s

37.2

185.0

300

0.04

0.001

0.02

.001

.02

0.01

500

0.02

0.001

0.02

.002

.02

1000

0.02

0.001

0.17

.00’2

.03

0.01 0.01
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CONCLU510N5

Models of the terrestrial ecosystem at JPG have been developed and show that human

uptake of DU through different pathways is possible. ile models also suggest that the doses to

humans are small except in the case of extremely high and unrealistic DU concentrations in soils

rmd waters. Sensitivity analyses of the models indicate that DU concentrations in soils, waters,

and in or on plants are important to environmental transport of DU. In addition, the sensitivity

analysis showed that the area of contamination, the biomass of plants consumed by animals, and

the rate at which DU is washed off the plants surfaces are also of importance. Finally, the

concentration of dust in the air and, therefore, the amount of airborne DU, play an important role

when humans live on the site and/or use the land as a farm.

Doses tc humans estimated from the RESRAD model indicate that the 100 mrern/year

exposure limit is exceeded only when the impact area is farmed and all drinking water is

obtained fi-om the shallow aquifer on site (i.e., farming scenario #2). DU in drinking water

dominated the dose estimates when the exposure limits were exceeded. In the hunting scenario

and farming scenario #1, the RESRAD model showed that the DU concentration in th ~air and,

therefore, on the surface of vegetation, played the important role in doses to humans. Significant

uncertainty in the dose estimates can be reduced by measuring DU concentratioris in water, dust,

and soil and the temporal or spatial variability in each measurement, Figures 9, 11, 12, and 15

show the amount of variation in estimated do~es due to uncertainty in the dust loading values

used in the RESIU4D simulations.

Removal of DU fragments on the surface of soils in the impact area would reduce the

total amount of 1>(1available for transport through the various cnvironmenkd pathways.

However, subsurface recovery of DU would result in increased airborne D[J concentrations,

damage to the wosystem at JPG as a result of damage to soils, and could increase erosion of llU -

containing st~il and thereby incretisc the water concentration of D{ 1. A risk-baswi approach to

speci~ic rcmcdiation activities is suggested so that the rwiuction in risk due to a particular land-

usc scenarios cun be mu.dusted before it is implcnwnted.
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Parametersfor Steady State Model

BCF, soil to plants, B1

42

Uniformdistributionwith parameters:
Minimum 2.90E-04 (unitless)
Maximum 2.50E-03

Selected range is from 2.90E-4 to 2.50 E-3
Mean value in simulation was 1,39E-3

Plant Density, P

Triangular distribution whh parameters:

Minimum 150.00 (kg/m2)
Likeliest 240.00
Maximum 300.00

Selected range is from 150.00 to 300.00
Mean value in simulation was 230.03

Build-up time, y:w%, tb

Uniform distribution with parameters:
Minimum 5.00 (years)
Maximum 20.00

Selected range is from 5.00 to 20.00
Mean value in simulation was i2.51

Croundwater flow velocity Vw

[Jniforrn distribution with parameters:

Minimum 2.00 (cm/day)

Maximum 25.00

Selected range is from 2.00 to 25.00
Mean value in simulation was 13.56

Rooting zone depth, ds

[Jniform distribution with parameters:
Minimum Io,oo (cm)
Maximum 40.00

Selected range is from 10.00 to 40.00

Mean value in simulation was 25.08
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Soil bulk density, rho

43

Normal distributionwith parameters:
Mean 1.50 (g/cm3)
Standard 0.15
Dev.

Selected range is from -Infinityto +lnfmity
Mean value in simulation was 1.50

Soil Moisture, theta

Uniform distribution with parameters:
Minimum ~.~5 (~m/~m)

Maximum 0.45

Selected range is from 0.25 to 0.45
Mean value in simulation was 0.35

Distribution coefficient Kdi

Uniformdistributionwith parameters:
Minimum 10.00 (ml/g)
Maximum 300.00

Selected range is tlom 10.00 to 300,00
Mean value in simulaticm was 154.97

Soil Surface Cone., Cs

Uniform distribution with parameters:
Minimum 10.00 (pCi/g)

Maximum 100.00

Selected range is from 10.00 to 100.00
Mean value in simulation was 54.96

Soil Ingestion Rate, g/day, Qs

~Jniformdistributionwith parameters:
Minimum 30.00 (g/day)
Maximum 60.00

Selected range is from 30.00 to 60.00

Mean value in simulation was 44.95
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Fraction of water from
contaminated source, fw

Uniformdistributionwith parameters:

Selectedmngc is from 1.00E-1to 1.00E+O
Meanvalue in simulation was 5.49E- 1

Water Consumpthn, Qw

Uniformdistributionwith parameters:

Selectedrange is from 2.00E+1to 6.00E+1
Meanvalue h simulationwas 4.0 IE*1

Water Concentration, Cw

Lognormaldisrnbutionwith parameters:

Selectedrange is from 0.00E+Oto +Infmity

44

Minimum 1.00E-O1 (unitless)
Maximum 1.00E+OO

Minimum 2.00E+O1 (I/day)
Maximum 6.00E+O1

Mean 3.00E+OO (pCi/1)
Standard 5.00E+OO
Dev.

Meanvalue ;n simulationwas 2.88E+0

Frequency on pasture, fp

Uniform distribution with parameters:

Minimum 0.00 (unitless)

Maximum 1.00

Selected range is from 0.00 to 1.00
Mean value in simulation was 0.50

Fraction of food that is
contaminated, fs

Uniform distribution with parameters:

Minimum 0.00 (unitless)

Maximum I .00

Selected range is from 0,09 to 1.00
Mean value in simulation was 0,50
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Fraction of Impact Area in
Reauspensioc

Uniform distribution with parameters:
Minimum 0.01 (unitless)
Maximum 0.10

Seleeted range is from 0.01 to 0.10
Mean value in simulation was 0.06
Fractionwas 1.0when entire impactareaused

Fraction of Areain
Resuspension

Uniform distribution with parameters:

Minimum 0.01 (unitless)

Maximum 0.10

Selected range is from 0.01 to 0.10
Mean value in simulation was 0.05

Interception fraction, fr

Uniformdistributionwith parameters:
Minimum 0.00 (unitless)
Maximum 1.00

Selected range is from 0.00 to 1.00
Mean vrdue in simulation was 0.50

Translocation factor, Tv

Uniform distribution with parameters:
Minimum 0.00 (unitless)
Maximum 1.00

Selected range is from 0.00 to 1.00
Mean value in simulation was 0.50

Biomass at Harvest. Yv

Triangular distribution with parameters:

Minimum 0.20 (k@m2)

Likeliest 2.00

Maximum 2.20

Selected range is from 0.20 to 2.20
Mean value in simulation was 1.46
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Weathering time, tw

Normal distributionwith parameters:
Mean
Standard
Dev.

Sekcted range is tim -Infinityto +Infmity
Meanvalue in simulationwas 14.00

Timeof Crop exposure, te

Normal distribution witi parameters:

Mean

Standard

Dev.

46

14.00 (,day)
4.00

60.00 (day)
10.00

Selected range is from -Infinity to +Infinity
Mean value in simulation was 59.89
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APPENDIX B

PARAMETER VALUES FOR

RESRA.t)CALCULATIONS
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Input Data for hunting scenario, average soil concentrations.
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P : IYPG Hunting scenario, ●vermga aoi1 cone. File: HUNr. DAT

sito-spacific Parameter S~ry

● Uwr * . Umod by RBBRAO ● P~t*r

P*ram.ter ● Input * Dafault “ (If diffo-nt fra u-r inpat) ● *

~fi~~ ~6~

- of contaaimatad zona (9**2 )

‘ftaioknom of momtairmtod zca. (m)

~ X11*1 * -wif.r flow (m)

Bmaic lmdhtimn dam limit (u9m/yr)

Tima sinoa placa—znt of mmtorhl (y-r)

Tiuo for calculation. (yr)

Thas for cakul Itions (yr)

Timas for calculations (yr)

Timam for calculations (yr)

Timas for calculations (yr)

Timas for calculation (yr)

Timas for calcul~tiona (yr)

Time- for calculations (y’r)

Timam for calculations (yr)

Initial principal radionuclida (pCi/g) : U-234

Initial principal radionuclida {pCi/g) : U-238

Concmntrat km in grmundbmtar (PCi/L) : U-234

COnm.ntratimn in greundwator (PCi/L) : U-23@

Cavor &pth (m)

Danmity of cmv.r aatorial (g/cm**3)

Cmvor dapth arosion rata (m/yr)

Danoity of contaminated zono (g/.m**3 )

c~ntaminatod zona ●raion r-to (m/yr)

Contaminat.ad zone total porosity

Contaminetod zono ●ffectiva pmrmity

Centmminatod zono hydraulic conductivity (m/yr)

~taminatod zone b paramator

Humidity in ●ir (g/m* *3)

Bvapotranmpiration cmafficiant

, Precipitation (m/yr)

) Irrigation (m/~)

~ Irrigation tie

) Runoff coefficient

~ Watorohod ●rea for naarby ●troam Vr pond (m**: )

I Accuracy for water/uoi 1 ccmputmtiona

,

I Dmnaity of ●aturatad zono (g/cm**J)

~ Saturated zono total poromity

M Saturatad zone ●ffoctiv. pomaity

J Saturattd zone hydraulic conductivity (m/yr)

D Saturated zone hydraulic gxadient

D Saturated zono b parmmbtor

o Water tmbla dmp rate (m/yr)

~ Wall pump intako &pth (m balow war.ar tmblo)

* Mmdol : tknxlio~roion (ND) or Ms~s-Balanco (MB)

* Individual’ ● uso of groundwator (u**3/yr)

●

● 1.000R+06 ● 1.0008+04 ●

● 1.SOOE-01 * 2.000s+00 *

● 1.500s+03 ● 1.000E+02 e

● 1.000s+02 ● 3.090E+01 0

● 1.500E+01 ● 0.000E+OO ●

* 1.Ooon+oo e 1.000B+OO 0

* 3.Oooa+oo * 3 .0006+00 “

● 1 .000R+O1 ● 1 .000B+O1 *

0 3 .000B+O1 0 3 000B+O1 e

* s 000B+O1 0 1.000B+02 o

0 1.000B+02 * 3.000B+02 “

0 3 .0008+02 0 1.000B+03 0

* 5.I100B+02 0 3 000E+03 *

* 1 .ooon+03 * 1.00051+04 0

0 e ●

● 1.61OE+OO * O .000E+OO *

* 6 .S90B+O0 ● O .000B+OO 0

● not uaad 0 0 .000B+OO ●

● not usad ● O .000B+OO 0

0 ● .

0 0.000B+OO ● O .000B+OO *

0 not uaod ● 1.5ooIl+oo *

o not uaad * 1 .000H-03 *

“ 1.500E+O0 * 1,Soog+ocl 0

0 1.0006-03 0 1.000B-03 0

0 4.000R-01 e 4.000E-01 0

* 3 .000B-01 0 2 .000B-01 *

* 1.000B+O1 0 1.000E+OI 0

* 5.300B+O0 ~ 5.300B+O0 *

0 not used * s .Oooil+ooe

0 6.0000-01 * 5.000B-01 0

0 1.000B+OO ● 1 .000B+OO 0

8 0.000B+OO ● 2 .000B-01 0

0 ovorhmmd e ovarhoad *

* 4.00051-o1 0 2 .Ooou-o: 0

a 1.000B+06 e 1.00051+06 0

* 1.0008-03 * 1.00013-03 *

e e o

e 1.SOOB+OO 0 1.5006+00 0

0 4.00051-01 Q 4.0008-01 *

* 3.00031-01 0 2.000B-01 0

_ 1.0006+02 * 1 .000J3+02 *

0 2.0008-02 * 2.00UE-02 *

0 5.300B+O0 e 5.300E+O0 .

* 1.0000-03 Q 1.000U-03 *

* 1.000B+o1 0 1 .00033+01 e

*HD 0S33 *

0 not uoad * J .SOOB+02 e

. e *

o Number of unmaturatad zona strata 01 *1 e

---
---
---
---
---
---
---
---
-.-
---
---
---
---
---

---
---
---
..-

---
---
---
---
---
---
---
---
---
---
---
---
___
---
---
-..
---

---
..-
---
.-.
.-..
---
---
---
---
---

“.-

● ARXA

0 THICKO

* LczPm

* p-+

● TI

0 T( 2)

* T( 3)

0 T( 4)

0 T( 5)

0 T( 6)

0 T( 7)

0 T( 8)

0 T( 9)

0 T(10)

o

0 Sl( 4)

* Sl( 5)

r Wl, 4)

0 WI( 5)

o

● mVBRo

0 DRNSCV

O Vcv

0 DENSCZ

0 Vcz

* TPcZ

0 HPCZ

e HCCZ

* Scz

0 HUWID

e EVAPTR

● PRBCIP

e RI

* IDI’K3i

0 RUNOFF

“ WARBA

o RPS

o

e DilNSAQ

0 TPBZ

0 UPSZ

0 Hcaz

0 HG~

0 B8Z

*vwr

* DWIB~

Q MoDEL

● UN

*

0 NE
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_ry : JP6 Hunting ncenario, ●vermge coil cmnc. File: NUNT. DAT

site-specific Parameter Summmry

● ● UU9r * e Used by RE8RAD ● Pm-m9mter

~u ● Pmrmmeter 0 Input ● Default “ (If diffarent frmm uomr input) ● Nmn

~uM6M6Aii6&A&A466~666666h&&dMu6AA6~ ~&UA66A64AAA6MAM&~b

1011 ● &om of Octltailutd xon* (-**2)

!011 ● Thickn**s of cmmtmminmtod zon. (m)

1o11 ● Length pmrmllel to ●quifer flow (m)

1011 ● Baoic radiation dome limit (uom/yr)

1011 e Timt simce placement of ut.rid (w)

Loll ● Timmm for cmlculationm (yr)

!011 e Times for calculation (yr)

Lo1l ~ Times for calculation (yr)

tOll ● Times for calculations (y-r)

toll 0 Timee for calculations (yr)

toll e Tin@s for Calculation (yr)

/011 ● Times for calculations (yr)

/011 - Timee for calcuiaticne (yr)

1011 0 Timeo for calculation- (yr)

.

io12 ● Initial principml radionuclide (@i/g ~: U-234

1012 ● Initial principml rodionuclide (pCi/g) : U-23S

R012 ● CXwtcentration in groundwator (PCi/L) : U-234

RO12 ● Cmcentrmt ion in grmundwter (PCi/L) : U-23@

●

RO13 ● Cavor depth (m)

R013 * Density Of cmvor MMtOrial (g/CM*e3 )

R013 ● Cover depth eremirm rate (m/yr)

R013 * Density of contaminated zone (g/cm**3 )

R013 “ Contaminated zone ●rosion rote (m,lyr)

R013 * Contaminated zone totml poromity

R013 ● Contaminated zone ●ff*ctive poroeity

● 1.000s+06 ● I.oooE+04 ●

0 1.500R-01 * 2.000B+OO *

* 1.500S+03 ● i.0011B+02 *

● 1.000B+02 ● 3.000E+O1 *

● 1.500E+01 ● 0.000B+OO ●

0 1.00033+00 0 1.OOOB+OO “

* 3 ,000B+OO * 3.000R+OO *

* 1.OOOR+OI 0 1.000s+01 o

* 3.000R+O1 0 3.000)2+01 0

0 5.000B+O1 0 1.000E+02 0

* 1.0008+02 * 3 .0008+02 0

@ 3 .000s+02 0 1.000E+03 Q

0 5.000E+02 o 3.000B+03 0

e 1 .000E+03 * 1.0008+04 e

e e 0

* 1,61OR+OO * 0.000R+OO *

● 6 .990B+O0 0 0.OOOi?+OO e

* not umod 0 0. 000B+OO *

o not ueod 0 0.000B+oo o

,, * .

* 0, oooIl+oo * o .00033 +00 *

● not ueod * 1.500E+O0 0

0 not umod * 1.0008-03 e

0 1 .500B+O0 o 1.i?OB+OO e

0 1.000E-03 * 1.000,7-03 *

* 4.000B-01 0 4.0008-01 0

e 3.000E-01 * 2.0006-01 Q

R013 ● Contaminated zone hydraulic conductivity (m/w) 0 1.00051+01 0 1.000B+O1 0

R013 0 Contaminated zone b parmmeter * 5.3008+00 * S.300B+O0 0

R013 0 Huuidity in ●ir (q/m* *3) “ not.umad * 8.000B+OO Q

R013 “ Bwpmtrmnspirmtion coefficient * 6.000R-01 ● 5.00011-01 *

R013 s Pmcipitxtion (m/yr) “ 1.00033+00 e 1.000B+OO e

R013 ● Irrigation (m/yr) * 0.000B+OO 0 2<OOOB-01 *

R013 0 Irrigation mode 0 overhead 0 ovmrhead ●

R013 o Runoff coefficient Q 4.0008-01 * 2.000B-01 *

i?o13 o Waterohed area for nearby otraam or pond (m**Z) 0 1 .000R+06 o 1.000fl+06 0

R013 0 Accuraq for water/soil computations o 1.000B-03 0 1.000E-03 e

* * u *

R014 * Dmnaity of satureted zone (g/cm**3) e 1 .500B+O0 4 1.50013+O0 0

R014 v 8eturatad zone total porosity * 4.0008-01 0 4.000 n-ol 0

R014 0 Saturated zone ●ffective poroeity 0 3.0000-01 0 2,000U-01 *

R014 o Saturated zone hydreulic conductivity (m/yr) 0 1.000B+02 e 1 .00013+02 0

R014 . 6mturet*d zone hydraul ic gradient “ 2.000B-02 * 2.0006-02 “

R014 0 Saturated zone b parameter Q 5,300R+O0 0 5.300U+O0 0

R014 o Water table drop rate (m/yr) 0 1.000E-03 0 1.00033-03 0

R014 w Well pump intah depth (m below water table) * 1 .000B+O1 0 1,0006+01 v

R014 @ )!od, l:Nondiaper@ion (~) or WmOO-Balanco (MB) 0 ND Owo 0

R014 ● Individual’ ● uea of groundwater (m**3/yr) 0 not um~d * 2 .500B+02 e

● * . .

R016 0 Number of unmaturmted zone ●tretm Oi 01 .

---
---
---
---
---
---
---
---
---
-..
---
---
---
___

---
---
---
---

---
---
---
-..
.-.
---
---
---
---
---
-..
---
---
---
..-
.-.
-..

-..
..-
..-
. . .

. .
-...
.-.
---
-..

● AREA

* TNI~O

* LCZPAQ

● BRIa

● T2

● T( 2)

0 T( 3)

o T( 4)

0 T( 5)

0 T( 6)

0 T( 7)

o T( 8)

o T( 9)

Q T(Io)

*

● 91( 4)

● Sl( 5)

0 Wl( 4)

● Wl( 5)

e

0 COVBRO

* DRWSW

* Vcv

o DBNsCZ

0 Vcz

* TPCZ

0 EPCZ

* HCCZ

* Bcz

o HUWID

* 5rvAPTR

* PREcIP

0 RI

* IDITCH

o RWt2PP

0 wAR&\

e BPS

o

0 DBNSW

o TP8Z

0 BPSZ

0 tics z

0 I’K3NT

o BSZ

Ovwr

* DNIBWT

o MoDEL

Ouw

.

0 N8
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v : JPG Hunting scenario, ●verage aoi 1 -C. File: HIJNT.DAT

Sxte-specxfxc Parameter 8ummary (continued)

0 0 Umer O e Ummd by RBSRAD * Parameter

● Parameter 0 Input * lkfault o {If diff.mnt fm user in~t) * t6aaa

b&4&64A66M6~ &A&A4t4&k6AA66A4&664kA64&AA46AA6 ~k6u4u&6*k66u6&&u66wtiuuutiuutiw6*uuu6uu

● -t. zono 1, thicknosm (m)

● moat. r.ono1, soil douoity (g/la**3)

● mat. Xono 1, total pomaity

● 131uat. zano 1, .ff.ctiva pmmaity

● -t. zomo 1, soil-apaciffe b paramat.r

● LRuat. zaw 1, hydraulic Culductivity (m/y-l-)

*

0 Dimtributimn coefficients for U-234

0 Cnntaminatad zone (cm**3/g)

e unsaturated zone I (cm*●3/9)

* saturated zone (cm**3/g)

0 Leach rate (/yr)

e Volubility constant

*

Q Distribution coefficients for U-238

0 centaminatad zone (cm*●3/g)

e unoaturatad zotm I (-**3/g)

0 saturated zuao (cm* ● 3 /g )

0 kmch rata (/yr)

e 001ubility constant
e

* Distribution coafficionts for daughter Pb-210

0 C!untaminatod zono (cm**3/g)

0 unsaturated zone 1 (cm ./9)

0 Smturated zone (cm**3/g)

e beach rate (/p)

e SOlubi lity Constant

e

0 Distribution coefficiantm for daughter Ra-226

e Gmtaminatod zone (cm*●3/g)

e Unsat,lratad zona 1 (cm**3/g)

0 Saturated zona (cm*●3/g)

* Lsach rate (/yr)

e SOlubility constant

●

0 Distribution coefficients for daughter Th-230

o contaminated zona (cm*●3/g)

0 Unsaturated zone I (cm**3/g)

0 saturated zone (cm**3/g)

,0 Loach rate (/yr)

;0 Volubility conatmnt

*

! 0 Inhalaticul rate (m**3/yr)

! o Mama loading for inhalation (g/m**3)

● 1.000R+OO ● 4.0009+00 *

● 1.Soou+oo ● 1.SOOB+OO ●

● 4 .Ooou-ol ● 4.000s-01 “

* 2.0008-01 ● 2.000s-01 “

* 5.3ooB+oo ● s.3oo13+oo e

* S .000B+O1 * 1.000R+O1 0

. * 0

0 * 0

0 5.000E+O1 * 5.000B+O1 “

e 5.ooo13+oI * 5.0008+01 o

0 5.000B+O1 e 5.000S+01 “

0 0.000E+OO _ 0.0008+00 0

0 0.000B+OO 0 0.000E+OO 0

0 0 e

* * *

0 5 .000B+O1 * s.000E+O1 0

* 5.00UB+O1 e 5.000B+O1 0

Q 5.OOOE+O1 * 5.0006+01 “

* o .000B+OO 0 0.0006+00 ~

0 0 .000B+OO e 0.Oooil+oo 0

* . e

. 0 *

0 1 .000E+02 e 1.000E+02 “

e I.OOOs. +02* 1.000u+oz e

* 1.00013+02 0 1.000B+02 0

0 0.000 B+oO 0 0.0006+00 0

0 0.OOOB+OO 0 0.OOOB+OO o

e o 0

0 0 .

0 7.0005i+ol e 7.000R+O1 0

0 7.000B+o1 0 7.0008+01 0

0 7 .000B+O1 0 7.0006+01 *

* o .0006+00 e o .ooahl+oo *

0 0 .Ooon+oo 0 0. 000E+OO *

o 0 0

0 . .

* 6,000 B+04 Q 6.000B+04 B

e 6.000B+04 e 6.0008+04 0

0 6.0000+04 o 6,0008+04 0

0 o.uoos+oo 0 0.0006+00 o

Q 0.000B+oo o 0.0008+00 0

0 e 0

0 P..4OOB+O3 * 8.4009+03 0

0 2.000B-04 0 2.0008-04 0

! . Dilution langth for ●irkrna duet, inhalation (m)o 3 .000S+00 0 3 .00IIB+OO 0

1 0 sxpmmure duration o 3 .000Ei+o1 o 3 .000B+O1 0

~ e shielding factor, inhalation 0 4.0006-03 0 4.0008-01 0

! o Shielding factor, sxtarnal gatmm 0 7.000R-01 0 7,000R-01 0

) e Fraction of tire.-pant indoors * 5.000 !f-02 o 5.000ii-01 0

? - Fraction of tima spant.outdoors (on site) 0 1.00051-01 n 2.500B-01 0

7 0 Shqa factor, ●Xternal 9amma o 1,0006+00 * 1.000s+00 Q

---
..-.
. . .
---
..-
-..
---
. .

---

---
---
---

2.1258-02

---

---
----
---

1.7708-05

..-

---
---
.-.

2.12s8-02

---

---
---
---

1.065S-02

---

---
---
---

1.519B-02

---

..- ● H(l)

--- ● DSRSIJZ(l)

--- @ TPUZ(l)

--- * EPUZ(l)

--- = Buz(l)

--- ~ Hcuz(l)

.

0

0 DcNucc( 4)

0 DcNucu( 4,1)

0 DcNucs( 4)

“ ALSACH( 4)

o SOLUBK ( 4)

*

*

0 DcNucc( 5)

* Dc?6ucu( 5,1)

* DcHucs( 5)

0 ALBACH( 5)

0 BOLUSK( 5)

*

e

● DcNucc( 1)

0 DcNuc!u( 1,1)

0 DcNUcs( 1)

0 AI&X34( 1)

0 SOLUSK ( 1)

0

0

0 Wucc( 2)

0 DC3VJCU( 2,1)

0 DC?KJCS( 2)

0 ALSACH( 2)

0 SOLUBK ( 2)

*

*

“ DcNucc( 3)

0 DcNucu( 3,1)

o DCNUCS( 3)

“ ALBAcH( 3)

0 SOLUBK ( 3)

o

“ INHALR

0 MLINH

“ M

0 ED

0 SHF3

Q Stflfl

0 FIND

“ FOTD

0 Fsl
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, : JPG Hunting mcamrio, ●vmrage soil cone. File: NI?Nr.DAT

site-Specific Parameter summery (continued)

0 user e 0 Umed by R3ZSRAD e Parameter

Para9et0r 0 Input “ -fault e (If difforont frus user input) ● Nan

u6u666h&um66u6Auwh6wu6u6tiwh66u4~~hA~wk4u6&66~ A&&&6&&A6A&h646&6&&4U6&A&6

Prsctica-m of amnular ZXUSm within ARSA: 0 ● *

Outar annulsr rsdius (m) = 8(l/D) ● notussd * 1.0008+00 *

Outer annular radius (B) = ~(lO/D) *n0tu90d ● 1.0008+00 *

Outer annular radium (m) - .(20/D) * not Ussd 0 1.UOOE+OO *

Outer snnular radius (m) - c(SO/D) ● not ussd ● 1.0008+00 “

Out-r annular rshua (m) - =(100/D) ● not Ussd ● 1.000B+OO *

Outer ennular radius (m) = ● (200/D) 0 not umod e 1.000B+OO Q

Outer annular rmdiue (m) . ● (500/D) Q not umd e 1.000B+OO “

Outer annular radius (m) - ● (1000/D) o not umed e 1.000B+OO *

Outer annular radium (m) = c(SOoO/D) 0 not ueed “ 1.000B+OO e

Outer ennular rad]us (m) = x(1.R+04/D) 0 not ,used 0 1 .0008 +00 0

Outer annular radius (m) = c(1 .B+05/D) 0 not used “ 0.000E+OO “

Outer annular radius (m) . a (1.E+06/D) 0 not used 0 0.000R+OO e

. * o

Finite. v~et~lea md grain c~nsuwtion (kg/v) 0 0. oooB+oo “ 1.6ooE+02 “

~af y vegetable ccmaumpt ion (kg/yr)

nilk consumption (L/yx)

neat end poultry cmeumption (kg/m)

Fimh conmuption (kg/yr)

Other ●e-food conmmpt ion (kg/yr)

Soil ingeotirm r8te (g/yr)

Or’’nking water inteke (L/yr)

C!mntamination frmction of drinking water

Contamination fraction >f houeehold water

1 Contamination fraction of livestock water

‘ Contamination fraction of irrigation weter

1 contamination fraction of aquatic food

~ Contamination frmction of plant food

! Ccmtamination f2action of meat

~ Contamination fraction of milk

I

o Livestock fodder intake for memt (kg/dey)

~ Livestock fodder intake for milk (kg/day)

~ Livestock water intake for seat (L/daY)

0 Livestock water intake for milk (L/dsy)

o Liveetock coil intake (kg/day)

0 FIaon loeding for folimr deposition (g/m**3 )

0 Depth of soil mixing layer (m)

* Depth of rootn (m)

o Drinking wster frection from ground water

0 Houeehold wetar fraction from grmund water

* Livestock water fraction from ground water

* Irrigation fraction frum ground weter

Q

o C-12 concentration in weter (g/cm**3)

o C .12 concentration in contaminated ooil (g/g)

@ Fraction of v*getetiOn carbon from soil

* Fraction of vegetation carbon from ●ir

* c-14 ●vanion layer thickness in ooil (m)

* C-14 ●vation flux rate fmm moil (1/9ec)

* C-12 ●vasion flux rate from coil (1/MOc)

* 0.0006+00 * 1.4008+01 0

0 net used * 9 .200R+01 “

o 9 .200B+01 e 6 .3008+01 0

0 5 .400B+O0 * s .400B+OC “

* o 0008+00 * 9.000R-01 “

* 3.6S0S+01 0 3.6 SOB+01 *

* o.00021+00 e 5.100R+o2 e

_ o .000E+OO e 1.OUOB+OO “

* 1.0006+00 0 1.0008+00 e

0 1 .000B+oo 0 1.000B+OO 0

* 1.000B+OO e l<OOOB+OO 0

* 1.000R-01 ‘J5.000B-01 0

0-1 o-~ o

e-l ..1 e

● not umed e-~ .

Q e e

e 4.0001i+Ol q 6.80012+01 e

* not umod * S .500B+01 “

0 5.500B+01 0 S.000B+O1 e

0 not uoed o 1 .600E+02 “

Q 5.0006-01 e 5.000B-01 “

o 1.000B-03 e 1.0000-04 0

0 1,50021-01 0 1.500B-01 o

0 9.000n-ol * 9sooo~-ol “

0 0.000 R+OO 0 1 .000B+OO 0

e 0,0008+00 e i .0006+00 o

0 1.000B+OO Q 1 ,oolJg+lJoo

* 0.000B+OO o 1 .000B+OO Q

o 0 e

o not ueed q 2.00011-os 0

0 not uoed e 3.0006-02 “

0 not used Q 2aooo2i-02 “

* not ummd * 9.000 B-01 0

0 not uaod ● 3.000s-01 Q

0 not umod * 7.000 E-07 a

e not umed ● 1.00032-10 *

---
---
---
--”

---

---

---

---

---

---

.-.

---

---

---

---

---

---

.-.

---

-..

---

---

-..

---

---

0.5008+00

0.1008+01

-..

---

---

---

---

---

---

---

---

---

---

...

..-

.

---

...

..-

●

● PaAcA( 1)

● PsAcA( 2)

* PRACA( 3)

● PsACA( 4)

● PRAcA( 5)

o PRACA( 6)

0 FRACA( 7)

0 FRACA( a)

0 PRACA( 9)

* FRACA( 10)

@ FRACA(ll)

~ RRACA(12)

o

0 DIET(1)

0 DIB’2’(2)

0 DIBT(3)

0 DIRT(4)

* DIBT(5)

0 DIlrr(6)

o SOIL

e DWI

o PDW

e FHNW

0 FLW

0 PIRW

0 PR9

Q FPLAUT

0 PM12AT

* PMILK

*

0 LP15

0 LF16

0 I:W15

o LW16

o 1S1

0 14LFD

~Dw

e DRoOT

0 PGWDW

0 PQWHH

0 PuWLW

Q POWXR

o

0 C12W2’R

0 C12CZ

o c/301L

o CAKR

0 ~~

* SVBN

* R8VSN
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Y : Jm Hunting ncenario, averege 0011 cone. Film: M.nAT

Site-Specific Parameter Summary (continued)

, e Uaor 0 * Ueed by R.SSRAD 0 P*r@ter

b Paramter * Input “ Default * (If diffarent frrxauser input) ● Han

b4uuMw&&uuA&6&A&&&&&&uu6&6&4fiM&6Au6uAhA4k&4&66&a&&6&6&6&&&&66&u&&&&&AAA6u6k&ti&&&6uu&6&&&&&&6&

) Pnctim of grain in beef cattle fad

‘Fracthnofgrdnin milkc9wfoad

D

~ Thickness of building foundmcicm (m)

s milk dmsity of buildirq foundation (g/cm**3)

● =1 pomoity of tho cover mmtorial

* Total poreaity of the building foundation

0 Vollmet \tar content of the cover material

e Volumotr~. - content of the foundation

0 Diffusion cc :ient for radon gms (m/sac) :

0 in cover material

o in foundation material

* in contaminated zone soil

o Radon vertical dimension of mixing (m)

* Average annual wind speed (m/see)

● AvermgQ building air ●xchanga rata (l/hr)

● Height of the building (r@m) (m)

● Building interior ●rea factor

0 Building depth IMlon ground ●urface (m)

● Ilm9nating pobmr of Rn-222 gam

e UmAnating power of Rn-220 gag

● not u-d

● amtusd

0

● 1.SOOE-01

● 1.40032+00

* not Umed

* 1.000E-01

o not umed

* 3 .000U-02

*

0 not umed

0 3.COOE-07

0 2.0008-06

0 2 .000E+OO

0 2 .00013+oo

0 S.000B-01

e 2.Soou+oo

0 0.000B+OO

* 1.Oooll+oo

● 2.s008-01

● not u,ed

● 0.000 ii-ol 0

● 2.000s-01 *

● ●

● 1.E.00E-01 *

● 2 .400E+O0 *

● 4 .Ooou-ol *

* 1.000B-01 *

e 5.000E-02 e

0 3.003S-02 0

. .

* 2.0006-06 0

0 3.000B-07 o

a 2 .000il-06 0

0 2 .0008+00 Q

* 2.0008+00 0

a 5.000B-01 Q

“ 2.s008+00 0

0 0.oooa+oo * d.

0 1 .000B+OO Q

“ 2.5006-01 Q

0 1.SOOB-01 *

---
● AWQ4

--- * AVR’G5

e

--- e FLOOR

---
● D3D?SFL

---
● TPCV

---- 0 TPFL

--- 0 PH20cV

--- * PH20PL

.

--- 0 DIFcv

--- 0 DIFFL

--- 0 DIFCZ

--- 0 HMIX

--- a WIND

--- 0 RSXG

--- OHM

==Wted (ti=- ~~ndent) 0 FAI
--- e DuFL

---
● 624ANA(1)

---
● X14ANA(2)

Summary of Pathway selection



Input data for hunting scenario, 35 pCi/g soil concentration.
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Pag9 6

: JPG Hunting acenmrio. 35 PCijg File: ~5. DAT

Site-SpOcific Parameter S~ry

● e Umer * . Used by ~BAD ● PerometOr

● F~ter 0 Input ~ Def●ult s (If diffo~t fra user input)● m

~666.4u6a6&a6A64&&6b6mMAaA&Mti~~&~titi

● hroa of cmn~natod zan (-**2)

● Thickmem. of cuitaminatod zozio (m)

“ LaIi@ puallml to aquifer flow (.)

● Bz8ic radiatiut &me limit (~/yr)

● Tin sinco plmcemen t of Mtorial (yr)

● Timas for calculations (y’r)

* Tiws for calculations (Yr)

● Timao for calculaticne (yr)

● Times for calculations (yr)

0 Times fOr calculat ions (yr)

0 Times for calculation (yr)

. Tiws for calcdatimna (yr)

0 Times for calculations (yr)

● Tiws for calculations (yr)

●

● Initial principal radionuclide (pCi/g) : U-234

: ● Initial principal radionuclida (pCi/g) : U-235

! * Initial principal radionuclida (pCi/g) : U-238

I . Cuacentraticgi in grmudmt.er (PCi/L) : U-234

I 0 C!gncentratimn in groundwater (PCi/L) : U-235

I * concentration in grwndwater (PCi/L) : U-238

e

1 0 Cuver depth (m)

i 0 Density of cover material (g/cm**3 )

) . Cover depth ●rosion rate (m/yr)

I . Denmity of contaminated zone (g/cm**3)

1 0 Contaminated zone ●rveion rate (m/yr)

I o contaminated zone total porosity

I . c~taminated zone effective pormoity

3 0 contaminated zono hydraulic conductivity (m/yr)

I . ~tminated zone b paramatfm

3 . Humidity in ●ir (g/M**3)

3 . Evapotrmapirmtion coefficient

3 ● pr*cipitati~ (m/yr)

3 0 Irrigation (m/yr)

3 e I~igatiOn tie

3 0 R~Off c~fficio”t

~ 0 watey~~md .=. for n~~r~ etre.~ Or ~nd (m. .2 )

3 . Accuracy for water/aOi 1 computat ione

o

4 e oensity of oaturmted zone (g/cm**3)

4 0 saturated zone total po?cmity

4 . flaturated zone off ective porornity

4 0 fj.tur.ted zone hydraulic conductivity (m/yrl

4 ● saturated zone hydraulic gradient

4 . saturated ~one b paremater

4 0 Wmtar tabla drop rate (m/yr)

4 . Well pump intake depth (m below Watar table)

,4 ● Modal ! 140ndimparmion (ND) or Mmsm-Balance (MS)

.4 0 Individual’ s usc of groumlwater (m**3/yr)

● 1.000s+06 ● 1.00033404 ●

● 1.Soox-ol ● 2.000s+00 *

* 1.500R+03 ● 1.ooom+02 *

● 1.000E+02 ● 3.000B+O1 ●

● .1.SOOE+O1 ● 0.00032+00 ~

* 1.0008+00 ● 1.000E+OO e

* 3 .00051+O0 0 3 .000s+00 *

0 1 .000E+O1 0 1 .000B+O1 0

* 3.0006+01 Q 3.00012+01 0

0 5.0006+01 * 1.000E+02 0

“ 1.0000+02 * 3 .000S+132 0

0 3 .0008+02 e 1 .0008+03 *

0 5.000s+02 0 3.013013+030

0 1.0006+03 * 1.00GE+04 *

* 0 *

* 1.600B-03 0 0 .00032+00 *

* 7.00033-02 * o .0006+00 0

0 3. 4E9B+01 * 0.000E+OO e

o not uoed 0 0.000H+OO *

e not umti * o.00032+00 0

● not used * 0.000B+OO e

e a *

* 0.Ooou+oo * O.OOOB+o O 0

0 not used 0 1.500B+O0 Q

0 not ueod 0 1.000B-03 0

e 1 .SOOB+OO * 1.500B+O0 *

0 1.000R-03 0 1.000s-03 o

e 4.000B-01 0 4.000B-01 0

0 3.000B-01 0 2.0006.01 0

0 1 .000B+o1 * 1.000U+O1 0

0 5.300B+o0 0 5.300B+O0 o

0 not ueed * a .000s+00 e

* 6.000B-01 0 5.000s-01 0

0 1 .000B+oo 0 1.000R+OO 0

* 0.000s+00 0 2.000s-01 *

o overhead 0 ovorhaad o

0 4.00031-01 0 2,000B-01 D

0 1.OOOB+06 0 1,000S+06 .

0 1.000B-03 o 1.000R-03 *

. 0 0

0 1 .5110Fl+O0 0 1,500B+i30 o

0 4.000B-01 0 4,1100B-01 o

e 3.000B-01 * 2,000B-01 *

0 1 .00012+02 e 1,000B+02 Q

0 2.0006-02 e 2.00f)B-02 0

0 5 .300B+o0 e 5,30033+00 0

Q 1.00013-03 * 1.000B-03 o

e 1 .OOOB+oI 0 1.000S+01 v

*ND am 0

0 not used ~ 2 .5008+02 e

---
---
---
---
---
---
---
---
---
---
---
---
---
---

---
---
---
---
---
---

---
---
---
---
___
---
---
---
---
---
---
---
---
---
---
---
---

---
---
---
---
---
---
---
---
---
---

● AREA

● TSIC3C0

* LCZPAQ

● SRLD

● T2

“ T( 2)

* T( 3)

0 T( 4)

e T( 5)

0 T( 6)

0 T( 7)

“ T( 8)

0 T( 9)

0 T(10)

.

0 S1( 6)

0 81( 7)

* 81( a)

0 Wl( 6)

e Wl( 7)

* Wl( 0)

e

0 CX2VBR0

0 DBNSCV

0 Vcv

e DBNSCZ

0 Vcz

0 TPcZ

* RPCZ

0 HCCZ

* Scz

* HU41D

e SVAPTR

0 PRKCIP

0 RI

0 IDITc31

0 RUNOFF

0 WARBA

0 SPS

.

0 DBNSAQ

Q TPSZ

C’BPSZ

0 HCSZ

s HcW

* Bsz

Ovm

0 DNIBm

0 MODEL

Ouw

.
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w : 13PQ Hunting ●c*nuiO, 35 pCi/g File: HUN3Z$S.DAT

Site-specific Parameter stmmary (~ntinued)

e a Umor * . used by RBSSAD 0 Para9*t er

I* Parameter ● Input ● Def●ult 0 (If diffo-nt frtm user input) ● Name

&6~um6~6u6~6uw~66~~u~4~m

● ~r of umatu-ted zone ●tnta

, ● -t. zone 1, thickneos (D)

i - mtit . 2-0 1, coil denmity (g/09**3)

i ● moat. zone 1, total poreeity

~ ● lAlOat. Zono 1, ●ffective pozwity

; ● -t. Z- I, coil-specific b ~tor

i ● Onmat . Zen@ 1, hydraulic -ductivity (m/yr)

●

} . Di-tfi~ti~ _ffici.fitm for IJ-234

JO -tuinated zono (cm**3/g)

60 Unsatur**ed zone 1 (cm**3/g)

;* Saturated zone (cm**3/g)

~o Leach rate (/yr)

se Volubility conetant

0

6 ● Di~trl~tl~ c~fficl~ntm for U-235

60 titaminated zone (a**3/g)

go ~saturated ZOl101 (cd ●3/g)

6° Satmtod ZOXIO (C=**3/g)

60 Leach rat. (/yr)

6“- SOlubi 1ity COnstult

0

6 . Di-tri~ti~ mfficientc for u-23E

130 contaminated zone (cm**3/g)

6° Unsaturated zone 1 (cm**3/g)

6° 8mturated zone (cm**3/g)

6. Leach rate (/yr)

60 Volubility constant

e

,6 . Di.tributien coefficients fOr &Ughter Ac-2X7

,6 0 contaminated zone (cm**3/g)

,6 0 Unmaturatod zone 1 (cM**3/g)

,6 . Saturated zone (cm**3/g)

16 0 Leach rate (/yr)

~6 0 SOlubility COlmtant

0

16 0 Distribution coefficients for daughter Pa-231

16 0 Contaminated zone (cm**3/g)

16 0 Unmaturmted zone I (cIu**3/g)

16 0 Satureted zone (cm**3/g)

16 0 Mach rate (/yr)

16 e volubility conetant

0

16 0 Distribution coefficient for deughtar Pb-210

16 0 Contaminated zone (CM**3/g)

16 9 Unsaturated zone 1 (cm*●3/g)

~~ o Smturatod zone (cm**3/g)

16 0 Leach rate (/yr)

16 “ 8olubility conetant

● 1 .1 ●

● 1.000s+00 _ 4. 000E+OO ●

● 1.SOOE+OO ● 1.500B+O0 *

* 4.00052-01 * 4.000 i3-ol e

● 2 .000s-01 ● 2.000a-ol *

Q S.300E+O0 ● 6.300E+o0 *

6 S.000u+ol 0 1.000E+O1 0

. 0 0

* 0 e

0 S .000B+O1 * S.000!3+01 Q

e 5.000E+Ol 0 5.000B+lJl 0

0 5.000B+OI 0 5.00a8+Ol o

0 0.000B+OO 0 0.000B+OO *

0 0.000B+OO 0 0,0006+00 Q

e e o

* 0 0

* 5 .00021+01 e s.Ooou+ol .

* s .0008+01 e s.000B+O1 0

a 5 .000B+O1 * 5.0002! +01 ●

* 0.000R+OO 0 0.000B+OO o

* o .00023+00* 0.000R+OO e

0 . e

0 e *

0 5 .000B+o1 0 5.0008+01 >

0 5 .000B+O1 0 5.000B+U?.0

0 S .OOOB+O1 0 5.000B+O1 O

* O .000B+oo 0 0.000B+OO o

e 0.ooo13+oo 0 0.0006+06 .

0 * o

. e .

0 2 .000B+o1 0 2 .000B+O1 O

* 2.000S2+01 o 2.000B+O1 Q

* 2 .000s+01 e 2 .000B+O1 *

o 0 .000S+00 e O .000B+OO e

0 0 .000s+00 e 0.000s+00 *

* e o

0 0 0

0 5.0008+01 S 5.000E+O1 0

q 5.000B+o1 o 5.000B+O1 o

0 5.000s+01 # 5.000E+O1 0

0 0,0013B+o0 0 0.000B+OO O

* 0.000 E+OO * 0.0006+00 *

0 . 0

0 * *

0 1 ,00013+02 0 1.000B+02 0

e 1.0006+02 0 1.0006+02 0

Q 1 .0005i+02 a 1.000E+02 0

0 0.000 B+oo 0 0.0008+00 0

0 0 .000S+00 e 0.000B+OO 0

---
---
---
---
---
---
---

---
---
---

2.125B-02

---

---
---
---

2.12s52-02

---

---
---
---

2.12s8-02

---

---
---
---

5.280B-02

---

---
---
---

2.12s6-02

---

.-.
---
---

1.06S6-02

---

● NZ

● H(1)

o DSMSUZ(l)

* TPUZ(l)

● Ewz(l)

● BUZ(l)

0 Hcuz(l)

0

0

“ LXXUCC( 6)

“ UCNUCU( 6,1)

0 WNUCS( 6)

0 ALBAC15( 6)

0 SOLUBK( 6)

*

*

“ DC33UCC( 7)

e uc3mcu( 7,1)

0 CQ6ucs( 7)

“ ALBAa5( 7)

c S4XUBK( 7)

e

0

* DcNucc( $)

“ Da4ucu( all)

* DcNucs( 8)

0 ALBACK( 8)

0 SOLUBK ( 8)

*

o

* UcNucc( 1)

o DcNucu( 1,1)

e Du4ucs( 1)

e ALsAai( 1)

o SOLUSK ( 1)

0

0

Q DCNUCC( 2)

0 OcNucu( 2,1)

0 DcNucs( 2)

0 ALBACK( 2)

o SOLUSK ( 2)

o

0

0 DCNUCC( 3)

0 OCNUCU( 3,1)

Q Uc!NUcf3(3)

0 ALBACH( 3)

0 SOLUSK ( 3)
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Site-Specific Par-meter S~ry (continu*d)

. Umer * e Winedby RSSRAD 0 Pa~ter

Pmrmwat9r * Imput ● Default ● {If differ-t f- -r imput)* m
L66M6u6k6&46&AuA464~a66A64au.44b&A6ua6&k4466u6~4~

Dimtributicm roefficimlto for daughter Rn-226

om~ted xom4 (a* “3/9)
mlsaturated Zmnm1 (a-3;3)

Smturated zona (c@*3/g)

-oh rote (/yr)

Solubi iicy .~taztc

Distribution COOfficlentS for daughter Th-230

titmminatoa z-e (cm**3/g)

Unsaturated zone 1 (CM*● 3/g)

Saturated zone (cm**3/g)

Leach rate (/yr)

SOlubility cone~mnt

Inhalation rate (m**3/yr)

Mace healing for inhalation (9/m**3 )

● ● ●

● 7.Ooog+ol ● 7. 000B+O1 ●

● 1.000R+OI ● 7. 000s+01 *

● 7.000E+O1 * 7.000E+O1 @

s o.oooE+oo ● o. ooou+oo *

● 0,000R+OO ● 0. Ooom+oo ●

e 0 0

e . 0

0 6.0008+04 ● 6 .000E+04 0

0 6.0006+04 * 6 .000B+04 0

e 6 000B+04 e 6 .000E+04 o

0 0.000E+OO 0 0.000S+00 0

Q o.Oooci+oo e 0.000B+OO 0

0 0 0

0 8.4006+03 * @ .400B+03 0

0 2.0008-04 Q 2.000B-04 0

Dilut icm length for ●irbozme duet, inhalation (m) * 3.000S+00 o 3.0006+00 e

XxpOmure duratimm 0 3.000s+01 0 3.000s+01 0

Shielding f-ctor, inhalation * 4.000E-01 * 4.0008-01 0

Shielding factor, ●xternal g~ * 7.0008-01 * 7.000 !3-01 0

Fraction of tise spent indoors 0 S.000B-02 0 5.000B-01 ●

Frmcticm of timespent mutdmorm (om nit.) e I.000E-01 0 2.soo B-01 o

Shape factor, axtenal g~ * 1.0008+00 * 1.000B+oO *

Fractionm of mnnulu ●reau within ARBA: . . *

Outer mnnular radius (m) - c(l/D) 0 not ueed Q 1 .OOOB+oO 0

Outer ennulmr radius (m) = a(lO/D) 0 not used e 1.0008+00 0

Outox mnnular radiue (m) . c(20/D) o not umod * 1.Oooll+oo 0

outer ennular radium (m) . ● (SO/D) 0 not ueed 0 I.000B+oo II

Outer annular radiuo (m) - .(100/D) * not used * 1.000B+OO o

Outer anmular rmdius (m) - c (200/5)) 0 not used * 1.000B+oO s

Outer annulmr radius (m) = c(500/D) o not used * 1.000B+O> o

Outer annular radius (m) . @ (1000/D) o not um.d e I.0000+00 o

Outer annular radius (m) = <(5000/D) * net used * 1 .000s+00 e

Outer annulmr radiue (9) . *(1 .B+04/D) * not umed ~ 1.000B+OO 0

Outer mnnulmr radiua (m) . Q(1.B+05/D) “ not used 0 0.000B+oO 0

Outer annulmr radius (m) . <(1 .B+06/D) o not ue.d o O.OOOB+o O 0

e 0 0

Fruiter v~at=blee md 9r~in Conf+uwtion (kg/n) 0 0.00011+00 0 1.600B+02 “

Leafy veget.mhle consumption (kg/yr) 0 O.OOOB+o O 0 1.4006+01 e

Milk consumption (L/yr) 0 not uaod 0 9.200B+01 o

Heat mnd poultxy consumption (kg/y=) 0 9.200B+01 e 6.3001i+Ol 0

Finh consumption (kg/yr) e 5.400B+O0 0 5.400B+O0 0

Other ❑eafood consumption (kg/yr) “ 0.000B+OO 0 9.000 B-01 0

Soil ingestion rate (g/yr) 0 3.6506+01 0 3.650B+01 0

Drinking water intmke (L/yt) 0 0.000B+OO 0 5.1OOB+O2 *

Contamination fraction of

COntaminmtion fraction .of

Contamination fraction of

Contamination fraction of

I COmtmminatiOn fraction of

‘ Contamination fraction of

drinking water 0 0.000B+OO e 1,00016+00 0

houeehold winter o 1 .000B+OO e 1.000B+OO e

livaotock water “ 1.0000+00 0 1.000B+OO 0

irrigation watar e 1 .000B+OO 0 I.000B+OO o

●quatic fc-od “ 1.000B-01 0 5.000B-01 0

plant food e.~ 0. 1 *

..-
---
---

1.SISE-02

---

---
---
---

1.7786-05

---

.._-
---
---
---
---
---
---
---
---

---
---
---
---
---
___
---
---
---
---
---
.-.

---
---
---
---
-“-

---

---

---

----

---

---

---

---

0. 500B+O0

●

● UaWEC( 4)

“ DcXJCD( 4,1)

“ DQ60cs( 4)

● AL9XX3( 4)

● m2Amc( 4)

.

0

“ DcwDcc( 5)

0 DcXuCU( 5,1)

“ DQaJcs( 5)

“ ALBACli( 5)

0 S43LDSK( 5)

.

0 INWALR

0 NLISW

*LW

em

0 SHF3

0 SHF1

e FISD

8-

* Psl

.

0 FRACA( 1)

“ FRACA( 2)

0 FRACA( 3)

9 FRACA( 4)

0 FRACA( s)

0 FRACA( 6)

“ FRACA( 7)

0 FRACA( 8)

0 FRACA( 9)

“ PBACA(10)

0 FRACA(ll)

0 FIW2A(12)

*

o DIBT (l)

0 DIST(2)

0 DIBT(3)

0 DKBT(4)

o DIST(5)

0 DIET(6)

o SOIL

“ DWI

0 FDW

0 FWHW

o FLW

e PIRW

0 FR9

- FPLANT
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site-specific paraaatar s~ry (continued)

b user e 0 Umad by RBSRAD . Paramater

●

●

●

✘

●

m

e

.

●

e

0

0

●

0

e

e

e

●

●

●

●

●

0

0

e

*

0

0

0

*

0

●

0

0

e

0

0

0

.

e

o

.

.

.

-ttinatial fracticm of wt

-~tiom ihctialof milk

Livamtock fodder intah for moat (kg/day)

tiv..tock foddmx intakefor tilk (kg/day)

Livutock wstar intakefor moat (L/day)

Liwaotock watar intdo for milk (L/day)

Livastock cm.1 intako (kg/day)

0300s loading for foliar deposition (g/m**3 )

Depth of soil mixing layer (m)

Depth of roots (m)

Drinking water fraction from grvund water

Nousehold water fraction frcm ground water

Livemtock water fraction frvm ground water

Irrigation frmct ion f- ground water

C-12 concentration in watar (g/m**3 )

C-12 conc~trotiom in contaminated Ooil (g/g)

Fraction of Vagotationcarbonf- soil

Fraction of vagdation carbon from ●ir

c-14 ●vaciom l.ayarthicknssc in aoi”l (m)

C-14 ●Vasicxl flux ratafrom soil (1/lmc)

C-12 ●vaoicm flux rate fzw soil (1/9ec)

Fraction of grain in beef catt,lo faad

Praction of grain in milk cow food

Thicknosa of building foundation (m)

Bulk density of building foundation (g/cm**3 )

Total px?cx!ity of the cover material

Total po~sity of the building foundat ion

Volumetric water content of the cover material

Volumetric water contant of the foundation

Diffusion coafficiont for radon gaa (m/mot) :

in covar -t*rial

in foundation aatarial

in contaminated zono SoiI

Ra&n vertical dimeneion of mixing (m)

Average annual wind speed (m/aec)

Avaraqa building air exchange rate (1/hr)

Haight of tho building (-) (m)

Building intarior ●rea factor

Building depth balow ground surface (m)

Bmanating powar of Rn-222 gaa

Emanating power of RI1-220gao

e 4. 000s+01 ● 6.800s+01 ●

Qnot Luod ● 5.Soos+ol ●

● s .SOOE+O1 ● s.000B+O1 *

● notuoad * 1.600X+02 0

● 5 .000B-01 o 5.000B-01 0

● 1.000s-03 * 1.000B-04 e

0 1.5008-01 * 1.s006-01 “

* 9.000E-01 0 9.000s-01 “

0 0 .OOOB+oO 0 1.000S+00 0

* 0.Oooil+oo m 1.0006+00 “

0 1 .0006+00 “ 1.0000+00 *

Q 0.000B+OO * 1.0005+00 *

e e 0

0 not usad * 2.0006-0s *

0 not IAoad * 3.000B-02 *

* not u9ad ~ 2.000B-02 e

* not u8ad e 9.●00B-01 o

● notused ● 3.000B-01 0

* not used e 7.0006-07 *

0 not Usad 0 1.oOOB-10 e

Q not umed 0 S.000B-01 0

0 not used 0 2.000R-01 0

0 0 0

e 1.500B-01 0 i.5001i-01 o

0 2.400B+O0 “ 2.400B+O0 e

* not used e 4.000n-ol 0

* 1.000B-01 0 1.000B-01 o

* not umed 0 S.OOOB-02 *

0 3.00033-02 0 3.0006-02 0

e o e

* not umad a 2.00011-06 *

* 3.000S-07 0 3.000B-07 o

~ 2.000E-06 “ 2.000E-06 0

* 2.000S+00 0 2.000B+OO Q

0 2 .000B+OO ‘ 2.000B+OO o

0 5.000B-01 * S.000E-01 *

0 2.500B+O0 e 2.500B+O0 Q

0 0.000B+oo 0 0.000B+OO o

0 1.000 B+OO 0 1.0008+00 *

0 2.500B-01 9 2 .500U-01 o

Q not uned e 1 .500B-01 o

0.100B+OL

...

..-
---
. . .
---
---
---
---
---
---
---
---
---

---
---
---
---
---
---
---
---
---

---
---
---
---
---
----

---
---
---
---
---
---
----

code computed (time

---

---

---

*nmsT

● ?IIILK

●

e LP15

● LPX6

● 3ACIS

* IAf16

o LBI

● HLFD

em

* OROOT

0 FGNDW

“ FGlmJN

“FGuLw

e PGWIR

0

0 C12W2R

* C12CZ

● C201L

0 IX2R

● Dac

o BVSN

0 REVSN

e AVFG4

0 AVFG5

0

“ FI#OR

0 D2WSFL

e TPCV

0 TPFL

0 PNzxv

0 PH20FL

.,

“ DIFCV

0 DIPFL

8 DIFCZ

0 IMIX

“ WIND

0 RBXG

“HRM

dependent ) o FAI

“ 13MFL

“ UNANA(l)

0 BMAWA(2)
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Input data for farming scenario #1 (off-site drinking water), average soil concentration.
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Site-Specific ?armmetar S~

● * Ua.r * ● Usmd * hmm ● PmrmmmtOr

● ~tor ● Input ● Dmf●mlt ● (If diZfammt fmm umar input)~ -

● Ar9m of mmm-inmtmd Zmmm (@*2)

● micknmsm of montmminatdZam (d

● Lzmgtb~lol tm mquif.r flow (m)

● S4@ic rmdimtial &am limit (mxadyr)

● Timm dnca plmcmmm nt of mmt.rial [yr)

● Timms for calculations (yr)

. Timms for calculaticw-m (yr)

● Timma for calculations (yr)

● Timms for calculations (yr)

0 Timme for calculation (yr)

● Timms for Cmlcdatiom (yr)

* Timms for calculations (yr)

0 Timms for CalCUlatlmS (yr)

e Timms for calculations (yr)

●

● 2nitial principal rmdimmmlidm (pCi/g) : U-234

● Initial principal rmdicmuclids (pCi/g) : U-238

● come.ntrmtion in grmundwator (@i/L) : U-234

* Cmncmntrmticm in groundwmtor (PCi/L) : U-338

●

c Ccw.r dmpth (m)

● Dmnsity of cevmr mmtarial (g/m**3 )

● COV_r depth ●rmtiionrat. (m/yr)

I ● D.ngity of cmntmminmtmd Z~O (g/-**3 )

I ● Cbmtmminat.d zona ●rmsion rmt~ (m/w)

I * tit~inated zone total parom?.ty

I . ~tmminatod zon. ●f f ectivo pmzmmity

I . ~t~inatod zono hydraulic conductivity(M/yr)

I e ~tmminated zone b parmmetor

I ● sumidity in ●ir (g/m* *3)

I . fi~t~apiratia coafficiont

I . ~cipitatim hs/yr)

) ● Irrigation (m/yr)

1 ● Irrigation ~

~ 0 R-ff -ff~ci~nt

I . Waterohed ●rea for nearby stream or pond (m**2)

3 . ti~ra~ for wat●r/90i1 COmpUtat i0n6

0

4 . knsity of saturated zone (g/c~**3 )

4 e Saturated zone total porosity

4 @ saturated zone offcctiv* porosity

4 0 Saturated zone hydraulic conductivity (m/yr)

4 0 saturated zone hydraulic gradient

4 e S.turated zone b parameter

4 . WatQr tmblo drop rata (m/yr)

4 . WO1l pmp intako depth (m bmlow water table)

4 * lbdal: Nondimpormion (ND) or Mams-Balmnc@ (MB)

4 . IndiviAal 1s use of gzwundwatar (m*●3/yr)

e

s * Number of unaaturat.d zon. ●trata

● 1.0008+06 ● 1.000B+04 ●

● 1.500E-01 ● 2.000=+00 *

● 1.sooli+03 ● 1-000E+02 ●

● 1.000s+02 9 3.000E+O1 ●

* 1.SO033+01 ● 0.0008+00 *

* 1.000B+OO ● 1.000K+OO 0

* 3 .Oooa+oo * 3 .0008+00 0

* 1 .Oools+ol * 1.000E+O1 0

0 3 000E+O1 * 3 .000B+O1 0

0 5.000s+01 _ 1 000s+02 Q

e I.ooot3+02 e 3 .000f3+02 e

0 3 .000S+02 0 1.000B+03 “

0 5.000B+02 * 3.000B+03 e

* 1 .000s+03 * 1 .000R+04 0

● e *

● 1.610S+00 0 0.000B+OO ●

● 6.990E+O0 0 0.0006+00 ●

* not uood * 0. Ooon+oo *

e not ummd ● 0.000s+00 *

0 0 0

● 0. 000E+OO 0 0. 000B+OO *

o not ueod 0 1.500E+O0 *

0 not umad * 1.000B-03 0

0 1.500i3+O0 “ 1.500B+O0 e

* 1.000E-03 * 1.000B-03 *

* 4.0006-01 0 4.000B-01 o

0 3 .000B-01 0 2.000R-01 *

e 1.000B+O1 0 1.0008+01 e

* s .300R+O0 * s.30033+00 *

● not uood ● a .0000+00 *

● 6.000m-ol ● S.000n-ol ●

e I.00033+00 * 1.000B+oo o

0 0.0008-00 e 2.000s-01 *

0 ovorhaad * overhead *

0 4.000U-01 e 2.000B-01 e

* 1.000E+06 0 1.000B+06 *

* 1.00CIR-03 e 1.000s-03 0

0 e .

* 1.Soou+oo * 1.500E+O0 0

* 4.000)2-01 Q 4.000 s-01 Q

0 3.0008-01 Q 2.000B-01 0

0 1 00031+02 * 1.000s+02 o

* 2.0008-02 0 2 .000s-02 0

0 5.300B+O0 o 5.3008+00 *

‘-1<00033-03 0 1.00033-03 *

e 1.ooo3i+ol * I.ooon+ol *

Owu *WD ●

e not uwod * 2.500 s+02 e

“ . e

01 01 0

---
---
---
---
---
---
---
---
---
..-
---
---
---
---

-..
.-.
---
---

..-
---
---
---
---
-..
---
---
---
---
---
---
---
---
---
---
---

---
---
---
---
---
---
---
---
..-
---

-..

● m

● TNICKO

● LCZPM

● m3LD

● r-

e T( 2)

* T( 3)

0 T( 4)

0 T( 5)

0 T( 6)

e T( 7)

0 T( 8)

* T( 9)

o T(10)

0

* 81( 4)

● 81( s)

● WI( 4)

● N2( s)

e

e C0V13Ro

o DEWSCW

* Vcv

0 DBNSCZ

e vcz

e TPCZ

* BPCZ

* Hccz

* BCZ

● tWW41D

● RVAPTR

o PN33CI P

4 RI

o IOITCN

e RUNOPV

# WARM

0 SPS

0

0 DSNSAQ

o TPSZ

* BPSZ

o HCBZ

0 3icwrr

e BSZ

em

0 DNIBWT

o MoDEL

~UW

*

0 US
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Sit* -Specific Pmrn.t*r fJJy (cantinu.d)

● ● U-r ●
● Llmdby RBsulul 9 P~t*r

,* Pummtor ● Input ~ Dmraulc ● (If difforont trca um.mr input)● k

~A
; ● ✍▼✎ Zaw 1, thh&aOm= (d

i ● mmmt. Zotw 1, Wil d4nmity (g/a* *3)

; ● -t. =- 1, totmlporcmity

i _ -t. - 1, ●tfmetivm por+moity

; ● -t. s- 1, moil-vific b ~or

; ● -t. Z03M 1, hydmulic WIKtUCtiVity (m/y’r)

●

; ● Distri~ti~ _ffi=i*nts fOr 0.234

La Contninmtod Zmo (m**3/g)

5° Llmmturated zono 1 (cm**3/g)

Lo Saturat.d zone (cm**3/g)

F ‘~ hach rmta (/yr)

69 SOlubiliry constant

c

6 ● bist~~tia _ffi=ian=a for u-23s

6* Cklntmminmtod Zalo (-* ●3/g)

co lh4aturmt0d Zono 1 (-**3 /g)

~. Satmtmd xon* (-* ●3/g)

~c Loach rmto (/yr)

6* Solubi 1ity Conmtmnt

●

6 ● Di@ributia cc+ffici.nts for dwghtar Pb-210

** Gt-inatod zone (cm**3/g)

6* Umaturat.d zono 1 (cm**3/g)

$* Saturated zono (cM**3/g)

s= Leach rat. (/yr)

6. Scdubility COnatant

*

6 ● Diotributiti ccmffici.ntm for daught.r Ra-226

6 ● COrltaminmtmd Zono (c=**3/g)

,4 ● Unsaturated zone I (-**3/g)

,6 8 Saturated zono (CIA*03/g)

,6 b Lmach Zut* (/yr)

,s ● Volubility cc+wtant

●

~6 6 Di@tribUti~ c~fficiont. for &~ghtor fi-230

16 * Contaminated zone (CM*●3/g)

16 ● Unsaturated zena 1 [cM**3/9)

1~ ● Saturatad zono (cM**3/g)

16 ● Leach rats (/yr)

16 ● SOlubility constant

●

17 e In.hlmtion rat. (M**3/yr)

17 ● Mass loading for inhalation (g/m**3)

● 1.0008+00 ● 4.000s+00 ●

● 1.SO08400 ● 1.SO08+O0 ●

● 4.000m-ol ● 4.0008-01 ●

● 2 .Ooom-ol 9 2.0008-01 ●

● S.300B400 ● S.3008+00 ●

● s.000s+01 ● 1 .000E+O1 *

● ● ●

● ● .

● s.Ooom+ol * 5.000B+O1 *

* s 000s+01 * 5 .0008+01 *

* s.000B+O1 * 5.000B+O1 0

● o .000B+OO ● o .000B+OO *

* 0.Oooii+oo * o.00024+00 0

* e e

● ● s

● s-Oooe+ol ● s .000B+O1 ●

Q 5.Ooon+ol ● s 000B+OI ●

● S.000E+O1 ● s.Oooa+ol ●

● 0.00031+00 ● 0.Ooosi+oo *

● 0.000B+OO ● 0.000u+oo *

● ● .

. ● .

● 1.000E+02 ● 1.00033+02 ●

* 1.Ooon+oa ● 1.OOOB+02 *

● 1.0000+02 0 1 .000B+02 *

● o .000B+OO ● 0. Oooa+oo *

* 0.OOOB+OO ● o .Ooon+oo e

v ● e

● ● ●

0 ~ ,oooa+o~ 0 7 .000n+o~ .

● 7.000s+01 ● -1,000B+O1 ●

* 7 .Ooom+ol ● 7 .000B+O1 ●

● 0,Ooou+oo ● 0. 000R+OO ●

* o. 000B+oo * o. 00012+00 e

. ● .

* * o

● 6.000 !i+04 0 6.0000+04 e

~ 6. 00011+04 * 6. 000 B+04 0

w 6.0008+04 ● 6 .000B+04 ●

● 0.0008+00 * 0.000s+00 0

● 0. 000E400 * 0.000s+00 *

. e .

● a.400 B+03 ● 8.40031+03 0

0 2.0006-04 ● 2.000E-04 0

17 ● Dilution length for ●irborno dust, inhalation (9)* 3 .000i2+00 ● 3 .0008+00 o

17 ● m~su~ duration ● 3 .Oooli+ol ● 3 .000B+O1 0

17 ● shielding factor, inhalation ● 4.000B-01 ● 4.000 m-ol ●

17 ● Shielding factor, ●xtornal 9M9M ● 7.000s-01 ● 7.000s-01 *

17 ● p-.actiti of tim spat indooru ● S.000a-ol 0 S.000n”ol ●

17 ● praction of tima sp.nt outdrmrs (On sit. ) ● 2.f900B-01 * 2,500B-01 0

---
---
---
---
---
---

---
. . .
---

2.125R-02

---

---
. . .
---

2.12SB-02

...

. . .
---
..-

1.06513-02

..-

..-
---
---

1.61911-02

---

---
-..
.-.

1.778m-05

..-

.-.

..-
---
---
---
--
---
---

● 32(1)

“ D8uwz(l)

Q TPcIz(l)
● mm(l)

● Ba$(l)

● Hcuz(l)

●

&

“ DCNIKX( 4)

● DcNucu( 4,1)

e DcNucs( 4)

● ALBAC2i( 4)

e SOLUSK( 4)

.

●

● ~( s)

● DaS3tXl( S,l)

● ZCNUCS( s)

● MBAtai( s)

● SOLt2SK( S)

●

●

● DcNucc( 1)

“ Dcwcu( 1,1)

● Dc!4ucs( 1)

* ALuAcH( 1)

o SOLUSK( 1)

e

0

0 Dc34ucc( 2)

● DCJ4UCU( 2,1)

● DCNVCs( 2)

● ALEACH( 2)

● SDL-( 2!

●

*

* DcNucc( 3)

0 OcNwcu( 3,1)

● OcNucs( 3)

● ALmclf( 3)

● SDLUMK( 3)

.

0 INNMR

● 14LIN3i

*M

● m

● SHF3

e SHPI

● PINO

● PVTD
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: Faming ~0 (II (no drinking wmt.r), Avmrmgm Concmntnt icm

: FARW1 .OAT

SitO-Specific Pumwtor ~ry (caitinured)

● u~r ●
● U4 by RBSRAD ● ParaDtter

P~t*r ● Input ● Default ● (If diffarwtt frc9 ummr input)● -

1“‘aAA&64M~~~

~ fmctur, 4xtoAnml p

Miotu of annular mrow within MBA:

Outar annulu ruiiw (m) . ● (1/9)

Outer ~u radium (m) - ● [10/S)

Outor anoular mdiw (8) = 8(20/0)

Outer annular radius (E) . c(50/D)

Outer wnulmr rmdius !8) - c(10fI/D)

Outer mnnulu rmdiw (m) . ● (200/D)

Wter annular radius (m) = .(5C.O/D)

Outer mnnular radius (m) - c (1000/D)

Outez mnnuler rmdiw (m) - .(5000/D)

Outer annular rmdiw (m) - c(1.E+04/D)

Outar mnnular radius (m) - .(1 .5i+05/D)

Outer annular radi~.- (m) - 8(1 .il+06/D)

● 1.000s+00 ● 1.000s+00 ●

● ● ●

● notumod ● 1.000s+00 ●

● notwd ● 1.000E+OO 0

● notuomd ● 1.000s+00 *

● mt used ● 1.000B+OO 4

● mt umcd ● 1.000B+OO ●

● not Ummd ● 1.0008+00 0

● not u+ ● 1.0008+00 *

● not used e 1.Ooog+oo “

0 not umod 0 1.000B+OO 0

* not u**.d 0 1.000B+OO 0

e not umod 0 0. 0006+00 0

● not used ● 0.000R+OO *

. ● e

(kg/yr) ● 1.600B+02 ● 1.600B+02 0

L4afy Vogmtmblo con8uqWim (kg/yr)

Milk cmnsqtion (L/yr)

Moat and poultry commqtimn (kg/@

Pimb ccnts~imn (kg/yr)

other ●oafood com~t km (kg/yr)

Aoil ingastimn rato (g/yr)

Drinking water intako (L/w)

COmtdnation f ract ion of drinking water

Cmntmminat ion trmction of hmummhold water

Ccmtmination fraction of 1ivostock water

Gmtamination fraction of irrigation wat.r

Ccmt-inmtion frmction of mquatic food

Conttaination fraction of plant food

Centmmination fraction of uat

Contamination fraction of -ilk

Livemtock fmddmr intake for mmat (kg/day)

Livestock fodd*r intmke for milk (kg/&y)

Livomtock water intako km moat (L/dmy)

Livomtock wmtor intako for milk (L/dmy)

Livtstock soil intmko (kg/day)

16msa lomding for foliar deposition (g/m* *3)

Dmpth of soil mixing layer (m)

Oopth of romto (m)

Drinking water fraction frcnoground water

Howohold w~t-r fraction f- ground wstor

Livaotock wmtor fraction frca ground water

Irrlgmtion fraction from ground water

C-12 concentration in water (g/cm**3)

C-12 concentration in contmminatcd ●oil (g/g)

Frection of vogotation carbon f rum moi1

Practimn of ~etation carbon frc9 ●ir

c-14 ●vmsion layer thickneao in soil (m)

● 1 .40035+01 ● 1.400R+01 *

● 9.200B+01 ● 9.200X+01 0

● S.200B+01 ● 6.300E+01 ●

● s .400s+00 ● 5.400E+O0 *

* 9.000Y 01 ● 9.0001-01 ●

● 3 .6503?+01 ● 3.650B+Q1 ●

* 0.000B+OO ● 5.100B+O2 *

* 0.0006+00 * 1.000B+OO *

* 1 .000e+oo e 1.0008+00 Q

a 1 .000E+OO 0 1.0000+00 e

e 1.0008+00 e 1.000B+OO e

0 5.000B-01 ● S.000B-01 0

.-1 0-1 .

e-l .-~ .

●-1 e-l *

● ● b

● 6.COOE+O1 ● 6.@OO14+01 *

* S.500E+01 * 5.SOOII+O1 Q

m S.500E+01 * 5.0008+01 ●

* 1,600S+02 e 1.60P31+02 e

* S.0001i-ol ● s.000a-ol *

* 1.000s-03 e 1.00011-01 0

● 1.SOOB-01 0 l.soofi-ol “

Q 9.000 E-01 9 9.0008-01 e

0 0,oooa+oo ● 1.ooom+oo e

_ 1.000m+oo = 1.000E+f)o e

@ 1 .0006+00 Q 1.0008+00 0

e 1.0008+00 e i.oooa+oo e

. 9 *

● not wed ● 2.0008-05 6

● not wed * 3 .000B-02 ●

* not umed ● 2.0000-02 *

0 not umod ● 9.800B-01 ●

e not wed 0 3.1300 B-01 ●

. . .

---
.-.
----
---
---
---
---
___
---
---
---
---

---
---
---
---
---
---
---
---
---
---
---
---
---

0.500B+O0

0.100E+O1

O.looa+ol

---

---

---

---

---

---

-..

---

----

---

---

---

---

---

---

---

---

● Pol

●

● PRAca( 1)

● ~( 2)

● PRAcA( 3)

● PRAcA( 4)

● PRAcA( 5)

0 PRACA( 6)

* PRAcA( 7)

0 PRAM( 8)

* PMCA( 9)

0 PRACA(10)

0 PRACA(ll)

0 PRACA(12)

.

● DI~(l)

0 DIlrr(2)

@ DIPT(3)

● D15rr(4)

0 DIitT(5)

e DIET (6;

c SOIL

0 DWI

Opow

0 Pwhw

0 FLU

o FIRW

e FR9

* FPLAt’7r

e QHRAT

e PNILK

●

e LPIS

0 LF16

e LWI5

0 LWI6

0 LSI

o t4LFD

Oow

u DROOT

0Puw33w

o FWWH

0 PUWLW

o PJWIR

.

Q c12wrR

* C12CZ

* C601L

~ CAIR

● Dwc
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: Pdng mcenario #l (IIOdrinking wat.r) , Average Concontrmt icm

: ms161.DAT

62

SitO-Specific Pammet.r S~ (cantinued)

● war e ● uoedby~ 0 Paraeter

~t.r ● Input ● Default ● (If diff*rait from u-r input) ● Nao

C-14 O’va8ioa flux r8tofrom Wil (l/coo)

C-12 ●v8cialflux tat. f- Do.il (1/nc)

Prectitm of grain im -f cattla fwd

Pamotia2 of grtin in milk cow food

ThiCbOSS of building foundation (=)

Bulk domity of building foundation (g/cm**3)

Tet*l pmmxity of tho co-r mtorial

Total pormeity of tha kuilding foundat ion

Volumetric water contont of the cover material

Volumetric water content of the foundation

Diffusion zfficient for rndmn gas (m/see) :

in cover material

in foundation _t*rial

in ccmtadnatd zmna sOi1

Em&n v9rtict2 dimmsion of mixing (m)

AVor8ge umual wind ●pood (m/x)

Averego kdlding air ●xchange rat. (1/hr)

H+ht Of the buiMin$I (roo@ (d

SuildiW interior area fsctmr

suildi~ depth blow _ ourface (m)

Sm4mting power of Sri-222 gas

mating powor of Rn-220 gm

● notuud ● 7.000B-07 ●

● notu90d e 1.000u-Io *

● nmtumed ● o.ooou-ol e

● n0tus9d ● a .000E-01 ●

● 9 ●

● 1..5OOB-OI a 1.SOOB-01 *

● 2 .400n+oo * 2 .4009+00 ●

● mot uood ● 4.0006-01 e

0 1.000B-01 0 1.000B-01 0

0 not u-od e 5.000B-02 Q

“ 3.000B-02 o 3 .000B-02 .

0 e e

o not used e 2.000S-06 0

* 3.000E-07 e 3.0008-07 *

● 2 .000E-06 0 2. 000E-06 0

● 2.000B+OO ● 2. 000B+OO *

● 1.000S+00 ● 3 .000B+OO e

● 5.00011-01 ● S.000R-01 *

* 2. SOOE+OO ● 2. 500E+O0 *

● 0.000E+OO ● 0. 000E+OO ●

● 1.000B+OO ● 1. 000B+OO *

e 2.s008-01 ~ 2.5ooB-ol e

* not used e 1.5008-01 *

--- ● Bvs3t

---
● SWSN

---
● AVF04

--- 0 AVFU6
●

--- * FLOOR

---
---
---
---
---

---
---
---
---
---
---
---

cod. ocqmtod (tin dopondmt )

---

---

---

● DXNBFL

e TPCV

0 TPFL

o PH2OCV

o PH20PL

o

0 DIFCV

o DIFP’L

o DIPCZ

e NNIX

● U2m

* RSXG

ONES

● PM

● U6FL

e BNANA(l)

“ SNA26A(2)

Sunary of P!*thway Select ionm



Input data for farming scenario #l (off-site drinking water), 35 pCi/g soil concentration.
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w : Fmrming mconmrio #l (no drinking water), 35 pCi/g File: RARN3S. OAT

Sits-Spmcific PmramOt*r Suma~

● ● User - ● Usmdty RSSRA33 ● Parmm.ter

● P*rZtOr ● Input ● Dofmult ● (If difforant f- u-r input) 0 -

~~kw~w~~~

● ✍ of Cmot-inatod z- (=* ●2)

● Tbkkmams of Cmmtaimmtmdz-m (d

● kmgth parallsl tm aquifer flmv (=)

Q saaie radisti- &a@ limit (~/yr)

● fin sine. pla~nt of mat.fial (yd

● Ti-s for calculatias (yr)

● Tim.= for CalC’Ul*tiCXIW(m)

e Timas for calcul=ticm (yr)

* Tim.s for Calculations (yr)

0 Timoe for calculaticvm (yr)

* Timee for calculation (yr)

* Time for calculation- (P)

8 Timom for calculation (w)

● Times for cdcuhtiono (Yr)
●

● Initial principml radimnucli* (pCi/g) : U-234

● Initial principml rmdionuclia (pCi/g) : U-235

● Initial principal radionuclid. (pCi/9) : U-2311

● Cmncantrmtion in groundwotor (pCi/L) : U-234

● Concontratimn in graundwmt.r (PCi/L) : U-235

● Cc4tcontrmtion in groundwator (~Ci/L) : W-238

e

● cover d.pth (m)

● O.noity of covor mmtorial (g/c+*3 )

o @ver dapth o-aion rato (m/yr)

● Oanmity of contmminat.d Zcxw (g/cm*●3)

o Contmminat*d zone ●rosion r=to (m/p)

● contaminated zmnc total permsity

● @ntmminmt*d zono ●ffoctivo poreeity

● Cantaainat.d zone hydraulic conductivity (m/yr)

s Centmminatod zone b pmramotor

“ Humidity in air (g/m.**3)

o Rvapotrmnspi ration cwf ficiont

0 Precipitation (m/yr)

0 Irrigation (m/yr)

* Irrigation mod*

● Runoff cm. fficiont

0 Watcrshod area for nearby ●tremm or pond (M**2)

e Accuracy for wmtOr/oOi 1 computation-

.

* Danmity of ●aturated zone (g/cm**3)

c Sacurmtod zona totml porosity

0 saturatbd zono ●ffcctive perosity

4 Smturatod zone hydraulic conductivity (m/yr)

o Saturated zono hydraul ic gradiant.

I ● .%turatod zons b parmmator

I ● Water tablo ~ rat. (g/yr)

, Q W.~1 p“q jnttia dapth (m blow wat.~r t.ablm)

1 0 Nodal: Wondioparsion (NO) or Mama -Balanc* (MB)

I 0 Individual’ ● usc of gruundwator (m**3/yr)

● 1.000E+06 ● 1.000s+04 *

● 1.500E-01 ● 2.000B+OO “

* 1.SOOB+03 ● 1.000B+02 ●

● 1.000s+02 ● 3.Ooon+ol ●

● 1.SOOB+O1 ● 0.000s+00 ●

e I .000B+oo 0 I.0008+00 0

4 3 .000B+OO ● 3.00031+O0 ●

“ 1 .0000+01 * 1.0008+01 0

0 3.000B+O1 o 3.000R+O1 0

0 5.000B+O1 0 1.0006+02 *

“ 1.0000+02 ‘J3.000s+02 “

0 3 000E+02 0 1.000B+03 0

e 5 .00032+02 0 3.000i3+03 o

0 1 .0005i+03 0 1.0008+04 *

* 0 e

“ 1 .600E-03 0 0.0008+00 e

● 7.00013-02 ● o.000B+OO ●

* 3 .4896+01 ● 0.ooou+oo e

● not u-d ● 0.0000+00 *

● not used ● 0.00013+00 *

b not ueed = o.000B+OO *

e * *

o 0 .000B+OO ● O.OOOB+o O 0

4 not used * 1.50051+00 0

0 not umed * 1.000B-03 0

* 1.5ooi2+oo e 1.5008+00 0

● 1.0008-03 ● 1.000B-03 0

“ 4.0008-01 * 4.0001i-ol o

Q 3.0006-01 * 2.0006-01 ●

● 1 .000K+O1 * 1.00033+01 *

● 5.3000400 ● 5.300B+O0 *

● not uasd * a.000u+oo ●

● 6.000 fi-01 ● 5.000E-01 ●

* 1 .Ocloii+oo@ 1.000s+00 *

“ 0.000E+OO e 2.000s-01 *

. overhead * overhead o

● 4,00013-01 e 2.0000-01 0

“ 1.000S+06 0 1.0006+06 o

● 1.0001f-03 w 1.000B-03 o

0 * o

* 1.5006+00 0 1.50013+C0 0

* 4.000R-01 * 4.000B -01 *

* 3000B-01 o 2.000 K-01 0

Q 1.000B+02 0 1.000s+02 o

* 2.000B-02 0 2000S-02 0

0 5 300B+O0 * 5.30053+00 ●

* 1.00011-03 e 1.000B-03 e

* 1 Ooon+ol e 1.000s+01 *

@wo Qm e

- not uamd 0 2 .500B+02 0

---
.-.
---
---
---
---
---
---
---
---
---
---
---
---

---
---
.-.
---
---
---

---
---
---
.-.
..-
---
---
---
---
---
---
..-
-
---
. . .
.-.
---

---
. . .
.-.
---
---
. . .
---
.-.
. . .

● AWSA

● ~1=0

● LCZPX

● BR.LD

● T2

= T( 2)

* T( 3)

● T( 4)

o T( 5)

o T( 6)

o T( 7)

o T( 8)

0 T( 9)

0 T(l G)

.

● S1( 6)

● Sl( 7)

* Sl( t)

● WI( 6)

● W1( 7)

● WI( 0)

.

* mVsRo

o DS34.9CV

0 VC?J

0 DBNSCZ

e vcz

● TPCZ

* 8PCZ

0 HCCZ

0 BCZ

* WUWID

● 2VAPTR

o PRECIP

0 RI

o IDITCH

Q RUNOPF

o wAR 6A

0 SPS

o

0 LXZN9A(3

o .rpfjz

Q 51POZ

o HCSZ

0 HGl~

0 BSZ

Ovwr

0 DWIBKC

“ MODUL

em
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: Qmrming scenario S1 (no &inking winter), 35 pci/g Fil”:FAUN35 .UT

site-specific Parmmter S_ry (continued)

. User e * weed by RSB2ZAD . Parameter

Paramot or 0 Input ● DOfault e (If difforw’rt froa umor inptit) * Nm,m

-6tih6&tiWti~tiwti6U6h6&66h6~66bti66h46U~&66666&ti666ti~ u&&uutiuuu6A6A&*~&&&&&&

-r of ~turatod zon. strata

Iaimet. Zam 1, thiohuos (d

tazmat. Za’lm 1, 2011 dmnsity (g/om**3)

Unsat . ZOno 1, total poz-aity

-t . Zmlm 1, ●ffoctivm p3remity

-t. ZOMC 1, soil-pific b parmmtor

0n8at. zone 1, hydraulic conductivity (m/yr)

Distribution comfficionte for U-234

contaminated zona (-**3/g)

Unsaturated zone 1 (cm**3/g)

Saturated zone (cm**3/g)

hach rate (/yr)

SOlubility conmtant

Distribution comfficientn for U-235

Contaminated zone (cm**3/g)

Unmaturmtod Zono 1 (CM*●3/g)

Saturat*d zone (cm*● 3/g)

Lmuh rate (/yr)

1301ubility COnstmnt

DiatributiOn C04ffiCiantS for U-238

tintaminated zone (cm**3/g)

unoaturmt~d zone 1 (cm*●3/g)

Saturated zone (CM*● 3/g)

Mach rat. (/yr)

Volubility constmt

Distribution -afficients for daughter Ac-217

Centamumtod zone (cM**3/g)

Unsaturated zone 1 (cm*●3/g)

Smturatod zono (CM*●3/g)

Loach rat, (fyr)

SOlubility conetant

Distribution coefficient for daughter Pa-231

Contaminated zone (CM**3/g)

Unoaturatod zono 1 (cm*●3/g)

Saturated zono (cm**3/g)

Laach rata (/yr)

Volubility conntant

Distribution coefficient for daughter Pb-210

Contaminated zono (cm**3/g)

Unnaturatcd zone 1 (cm**3/g)

Saturated zone (cm*● 3/g)

Laach rate (/yr)

SOlubility constant

*1 ● 1 *

● 1.000E+OO ● 4.Oooll+oo ●

● 1.5oom+oo * 1.500B+O0 *

● 4 .000s-01 e 4.0008-01 0

● 2 .000E-01 ● 2.000B-01 ●

9 5.300S+00 * 5.300B+O0 *

0 5.0008+01 * 1.000R+O1 Q

* 0 .

* o *

0 5 .000B+O1 0 5,000B+O1 *

e 5.000B+O1 e 5.0008+01 o

0 5.000B+O1 0 5.000E+O1 o

0 0.000E+OO 0 0.0008+00 0

e 0.000s+00 e o.000B+OO 0

0 e .

* o 0

e S .00025+01 0 5.000B+o1 o

0 s ,000B+O1 e 5.00051+01 0

* 5 .000s+01 * 5.0008+01 *

* 0.0006+00 0 0.000B+OO 0

● O .000E+OO 0 0.000B+OO o

0 0 0

0 0 *

0 5 .000B+O1 e 5.000B+O1 0

0 5.000B+O1 o 5.000B+O1 .

0 5.000 B+o1 0 5.000R+o1 0

0 0.000E+OO 0 0.000B+OO 0

0 0.000B+OO a O,0008+00 Q

. 0 0

e e .

* 2.0006+01 * 2.0005!+01 *

* 2 .000S+01 * 2.000B+O1 0

* 2,000B+O1 0 2,000B+O1 O

* O .000!3+00 0 0.000B+OO o

0 0 000B+OIJ * O .000B+OO 0

0 0 0

0 e o

Q 5.000 B+O1 0 S.0001t+ol Q

0 5.000B+o1 0 5.000B+o1 .

* 5.000s+01 6 5.000R+O1 o

0 0.000B+OO 0 0,000B+I)O Q

e 0,000 B+oo * 0.000B+oo o

. a .

. 9 0

0 1,000B+02 o 1,000!2+02 0

0 I .000a+02 0 I.000B+02 o

0 1 .000B+02 * 1.00021+02 o

0 0.000B+OO 0 0.000B+OO o

0 0.000B+OO @ 0.000m+oo o

---
.-.
..-
---
“..

---

---

---
___
---

2.125B-02

---

---
---
---

2.125B-02

---

---
---
---

2.125B-02

---

---
---
.-.

5,2@OE-02

---

---
---

.-

2,125B-02

.-.

. . .
----
---

1.0658-02

.-.

● MS

● M(l)

● DBNSUZ(l)

● TPUZ(l)

a BPUZ(l)

● BUZ(l)

0 Hcuz(l)

*

e

o DCNUCC( 6)

“ DCNUCU( 6,1)

“ DCNUCS( 6)

o ALBAcK( 6)

“ &30LUSK( 6)

0

e

“ 0C3n3cc( 7)

e ocsucu( 7,1)

0 DcNuc$( 7)

“ ALsAcN( 7)

o SOLUSK( 7)

b

e

@ DCNUcc( a)

“ DcNucu( a’1)

0 DCNUcs( 8)

0 ALBACM( a)

0 SOLUSK( 8)

0

e

0 DcNucc( 1)

e rmwcu( 1,1)

* mmucs( 1)

0 ALBAcli( 1)

o SOLUBK ( 1)

e

.

* DcNucc( 2)

0 DcKucu( 2,1)

0 DCNUCS( 2)

0 ALSAC14( 2)

0 SOLUSK ( 2)

.

.

0 UCNUCC( 3)

o OcNUcu( 3,1)

@ OcNUcs( 3)

~ ALSACK( ‘))

o BOLUBK( 3)
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w : Farming ●c.nario *1 (no drinking water) , 3S pCi/g Fil*: FARH35. MT

Site-Specific Parameter Stmmary (continued)

o e Uw.r e o Ueed by RBSRAD o Parameter

. Puamet*r e Input 0 z-fault “ (If differ.nt frvm umer input) * Name

bmw46&h6w~6d6tik&ti64A6w6h44-64h4&w6u6hti6fitiw6&u6Ak&Aiu66wk66u66h6h666&uh6h6&&6ti666&&A6

e Distribution coafficionto for daughter 13a-226

● ti”~tad ram (a**3/g)

● auaturatod Zala 1 (m9**3/9)
● Saturated ZOnO (m9**3/g)

e kach rat- (/yr)

● BOlmbility oon9t# ~t

.

e Distribution coafficiante for daughter Th-230

0 Contaminated zona (cm*●3/g)

. Unsaturated zone 1 (cm**3/g)

o Saturated zone (cm**3/g)

* Leach rate (/,T)

* SOlubility constant

.

* Inhalation rate (m**3/yY)

0 Mass loading for inhalation (g/m*●3)

e Dilution length for ●irtmrno duet, inhalation

* sxpOwrO duration

● Shielding factor, inhalation

● shielding factor, ●xtornal g-

● Fraction of ‘cimaspmt indmors

● Fraction of time sp.nt outdorwa (on site)

● Shapa f●ctor, cxtexnal gamaa

0 Fraction- of annular ●reas within AREA:

. Outer annular rmdiuu (m) - a (l/D)

0 Cuter annular radius (m) - a(10/D)

e Outar annular radius (m) - c(20/D)

o Outer annular radiue (m) - ● (50/D)

e Out*r annular radium (m) - <(100/D)

e Outer annular rmdius (m) - ● (200/D)

0 outor annular radius (m) - _ (SOO/D)

0 Outer annular radius (m) - ●(1000/D)

0 Outer annular ratiiuc (m) - s(5000/D)

0 Outer annular radiuo (m) = Q(1.B+04/D)

o Out*r annular radius (m) - c(l.E+OS/D)

e outer annular radius (m) - R(1.B+06/D)

0

0 Fruits, vegetables ●nd grain consumption (kg/)

0 Leafy %egetriblo consumption (kg/yr)

0 Nilk consumption (L/yr)

0 Meat and poultry consumption (kg/yr)

o Fish consumption (kg/yr)

0 Other ueafood consumption (kg/yr)

0 Soil Ingeetion rate (cj/yr)

* Drinking wat*r intako (L/yr)

o contamination fzaction of drinking water

0 Contmminat ion fraction of houa*hold water

0 Contamination fraction of livootock wmtor

0 Contamination fraction of. irrigation watar

0 Contamination f)●ction of ●quatic food

o Contamination fraction of plant food

● ● 0

● 7.000B+oI ● 7.000E+O1 ●

● 7.000B+O1 * 7.Oooa+ol *

* 7.000B+o1 * 7.000B+O1 o

* 0.Ooon+oo ● 0.000B+OO *

e O.000B+oo ● O .000B+OO 0

e * *

o * 0

0 6 .000E+04 0 6.000B+04 e

* G.00055+04 0 6.000B+04 o

0 6.000B+04 0 6.000B+04 0

0 0.000B+oo 0 0.000E+OU 0

0 0.000B+oo o 0.0006+00 o

0 0 .

0 s.400B+03 0 S.400B+03 0

9 2.000B-04 o 2.000E-04 0

(m)“ 3.000B+oo 0 ‘3.00oB+oo o

* 3.0008+01 * 3 .0006+01 *

* 4.OQOR-01 e 4.0008-01 .

0 7,00Q17-01 0 7,0008-01 0

0 5.00051-01 0 S.000B-01 *

s 2.500R-01 * 2.500E-01 0

0 1.0008+00 0 1.000B+OO *

e o .

0 not used * 1.0008+00 *

0 not us-d 0 1 .000B+OO Q

* not ueed o 1 .000B+OO 0

@ not used * 1 .0006+00 0

0 not uaod a 1.000B+OO 0

Q not umed 0 1 .000B+OO Q

* not Uood e 1 .000B+OO o

0 not u*md 0 1 .000B+OO 0

e not um.d * 1 .Ooou+oo Q

“ not uoad b 1.000B+OO 0

0 not used 0 0.000 B+OO O

“ not uoed 0 0 . 000B+OO o

“ * .

;r) 0 1.600B+02 0 1 .600B+02 0

0 1.4008+01 0 1.400B+01 o

0 9.200B+01 O 9.200B+01 o

0 9.2008+01 e 6.300 B+01 o

0 5.4008+00 0 5 .400B+O0 o

0 9.000B-01 0 9.0008-01 0

0 3.6505t+ol 0 3.650E+01 o

e 0.0008+00 0 5.100B+o2 0

0 0.0000+00 0 1 .000B+OO o

0 1.000i3+o0 0 1 .000B+oo 0

0 1 .000R+OO 0 1 .Oaou+oo 0

0 l.OOOB+o O 0 1 ,0006+00 *

o 5.0008-01 0 5.IJOOB-01 *

o.~ o-l 0

---
---
---

1,776B-05

---

---
---
. . .
---
. . .
. . .
.-.
. .

---
-..
..-
.-.
. . .

0.590B+o0

---
---
---
---
---
---
---
---
---
---
---
---

---
---
---
---
---
---
---
---
---

●

✍✍✍
● Dm4UcC( 4)

--- ‘ DcNua3( 4,1)

--- 0 DcNucs( 4)

1.S19B-02 “ ALBAcH( 4)

--- * BOLDSK( 4)

*

0

e DcNucc( 5)

0 Dcwucu( 5,1)

0 DcNucs( 5)

0 ALBAcH( 5)

0 SOLUSK ( 5)

o

0 INWLR

e 14LIWH

Ow

OsD

- SHF3

0 SHF1

0 FIND

Qm

0 Fsl

e

0 FRACA( 1)

* FRAU( 2)

e PRACA( 3)

0 FIUCA{ 4)

0 FRACA( 5)

o FRACA( 6)

0 FRACA( 7)

* FRACA( e)

0 FSACA( 9)

0 FR.ACA(10)

~ FRACA(ll)

0 FKACA( 12)

.

0 DIST (l)

0 DIBT (2)

0 DINT(3)

0 DIBT (4)

0 DIRT(5)

0 131BT(6)

o SOIL

u DWI

0 PDW

0 FWNW

o PLW

0 FIRW

o PR9

0 PPLANT
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=ry : F=rming scenario 81 (no drinking water) , 15 pCi/g FilO: PARm3s. DAT

Site -Spmcifi c Parameter Summary (continued)

0 0 Uoer * * Wood by RBSRAD . PmrameLer

mu 0 Paraaa4t●r * Input 0 Default @ (If different frxm uoer input) o Name

m64~m&tiu&6ti66w~&&uuhh666uum6ub6&u6ti6~ 6A6646sA4kA&AA&SAAA66&A46&&~ AA6A&A66u66h6&&6

018 ●

018 ●

0

019 ●

019 *

019 *

019 ●

019 ●

019 ~

019 0

019 0

019 *

019 *

019 *

.019 *

o

!14 0

!14 *

:14 *

:14 a

!14 *

;14 *

!14 *

:14 e

:14 0

0

{021 *

teal 0

1021 *

1021 0

1021 *

1021 0

R021 e

R021 o

R021 *

ROZ1 o

R021 o

R021 *

R021 e

R021 0

R021 o

R021 *

R021 O

R021 0

mmtainmticm fraction of meat

Cemtmmhmt ion frmrticm of milk

Livamtock foddar intake for meat (kg/dmy)

Livestock fodder intake for milk (kg/day)

Livestock water intmke for meat (L/dmy)

Livestock water intake for milk (L/day)

Livestock soil intake (kg/day)

Mase loading for foliar deposition (g/m* *3)

Dmpth of e.oilmixing layer (m)

Depth of rcxXe (m)

Drinking water fraction from grvund water

Household water fraction from ground water

Liveetock water fraction from ground water

Irrigation fraction frcm ground water

C-12 concentration in water (g/cm**3 )

c-12 concentration in contaminated roil (g/g)

Fraction of vegetation carbon from soil

Fraction of vegetation carbon frnm ●ir ‘

c-14 evasion layer thickness in moil (m)

C-14 evasion flux rata from soil (l/see)

C-12 ●vaoion flux rate frcm @oil (1/aec)

Fraction of grain in baef cattle feed

Practi.an of grain in milk cow feed

Thickness of building foundation (m)

Bulk damsity of building foundation (g/cm**3)

Total porosiv~ of the cover material

Total porooity of the building foundation

Volumetric water content of the cover material

Volumetric water content of the foundation

Diffusion coefficient for radon gae (m/aec) :

in cover material

in foundation material

in contaminated zone soil

Radon vertical dimeneion of mixing (m)

Average annual wind opeed (m/met)

Average building ait exchange rate (l/hr)

Height of the building (-) (m)

Building interior ●rea factor

Building depth below ground eurface (m)

Rmaneting power of Rn-222 gas

Bmanating power of Rn-220 gan

●-1 ●-1 *

b-~ 0-1 0

0 . *

0 6.1300i2+Ol* 6.8008+01 0

* 5.500s+01 * 5.500U+01 0

* 5.5006+01 0 5.000s+01 Q

* 1.600S+02 0 1.600B+02 0

0 5.000B-01 e 5.0008-01 0

e 1.000B-03 0 1.000B-04 0

0 1.500B-01 0 1,50051.01 0

0 9.0006-01 0 9.0006-01 0

0 0.000E+OO 0 1.0008,00 0

0 1.0006+00 * 1.000R+OO 0

* 1.0000+00 0 1 0008+00 0

e 1.00052+00 Q I.0008+00 o

0 0 .

0 not used “ 2.0008-05 0

e not used 0 3.00053-02 0

0 not used e 2.0008-02 0

* not used 0 9.eooB-ol *

0 not used * 3.0006-01 0

0 not used 0 7.000B-07 o

0 not used Q 1.OOOE-10 0

0 not ueed “ 8.0008-01 0

0 not umed * 2.0006-01 0

“ 0 .

_ 1,500E-01 0 1.s008-01 Q

0 2.400 B+O0 0 2.400B+O0 o

0 not umed “ 4.0008-01 0

0 1.00013-01 0 1.000B-01 o

* not used e 5.000B-02 0

e 3.000B-02 0 3.0008-02 Q

o . 0

e not wed o 2 .000U-06 0

0 3.0002’-07 0 3.000E-07 0

0 2,000 E-06 o 2.000B-06 0

0 2 .00013+O0 o 2 ,0008+00 *

o 2 .Oookl+oo 0 2 000E+OO .

0 5,000E-01 0 5,000B-01 o

0 2 ,500E+O0 0 2,5008+00 0

0 0,000E+OO o 0.000B+OO O

0 1,0008+00 0 1,000B+J 0

0 2,5000-01 0 2.500 LI-01 o

0 not used Q 1.50014-01 0

0.100s+01

O.1OOB+O1

---
---
---
---
---
..-
---
. .
---
---
---
---

---
----
---
---
----
---
---
---
---

---
---
---
---
---
---

---
-..
---
---
---
---
---

code cumputed (time

---

-..

...

● PUMT

● P?SILX

e

● LP15

e Le16

0 LWI 5

e LW16

0 LSI

0 14LPD

“ D14

“ i)ROOT

0 FGWDW

0 PGWHH

0 PGWLW

“ PGWIR

e

0 C12WTR

e C12CZ

0 CSOIL

0 CA2R

~ DMc

* BVSN

o RRVSN

o AVFG4

0 AVPG5

o

“ FLOOR

e D8NSQL

e TPCV

0 TPPL

* PH20CV

0 PH20FL

e

e DIFCV

0 DIPPL

o DIFCZ

0 H!lIX

c WIN21

0 W~G

o HR14

dependent ) o PAI

0 DMFL

0 BMANA (l)

0 BMANA(2)
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Input data for farming scenario #2 (on-site drinking water), average soil concentration and 1
pCi/1 water concentration.
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~w.: Pm-ing ecenario ~2 (on-Site Drinking Water) , Average Ctmcentration

: FARN2 ,DAT

Site -Specific Paramater S~

● e user 0 * u-ad by SSSIUD “ Pmramat9r

,0 Saramator ● Input ● Dafault * (If diffomnt frmm ua4r input) 9 m

~~~4~
, Q ~ of -t~~t.d - (.**a)

● Thkknosm of ContaminatedZomo (m)

L ● ~ ~11.1 to aquifer flew (=)

L ● ~ic ~.ti~ b Iidt (umm/yr)

L e fi~ ●inca plmcmnt of Utarial (Yr)

1 * Timas fOr CmlCUlatiO?M (v)

1 0 Ti~. for =al~latims (~)

L 0 Ti~s fOr cal~lati~a (~)

1 * TimoE for calculations (yr)

L 0 Time~ fOr calculati~n~ (yr)

L * Timac for calmlstiona (yr)

L e Tim.s for CalCUlatiOMO (w)

i 0 TimaO for calculatima (yr)

1 * Timaa for calculation (yr)

*

2 0 Initial principal radimnuclida (pCi/fI): U-234

2 ● Initial principal radionuclida (pCi/g) : U-23I3

z ● ~ca~t~ti~ in g~dw~tgr (PCi/L) : U-234

2 ● concontrmtimn in gmundvatar (PCi/L) : U-23$

0

3 0 cover dapth (m)

3 0 DanCity of cover material (g/cm**3 )

3 . ~ver depth ●rooion ratO (m/P)

3 0 Daneity of contaminated zone (g/cm**3)

3 0 -t-i~tsd z~ne •~ai~n rat. (m/~)

3 0 Contaminated zone total poroeity

3 @ @nt~inatad zone ●ffectiv. pcmOsity

3 0 tlmtaminatod zona hydraulic conductivity (m/yr)

3 e -t~inatad zone b parameter

3 . Humidity in air (g/m* *3)

3 0 Bvapotranspiration coofficiont

3 * Precipitation (m/yr)

,3 0 Irrigation (m/yY)

3 0 Ir-rigmtion mode

,3 0 ~m~ff Cmfficient

,3 0 Wmterahod ●raa for nearby ●tream or pond (m**2 )

.3 0 Accuracy for water/eOi 1 ccmputat ions

e

,4 . Danmit.y of saturated zone (g/cm**3)

14 0 smturatad zono total POmmitY

14 0 Saturated zone effoc!tive porosity

14 0 Saturatad zonm hydraulic conductivity (mlyr)

14 . Saturatad zone hydraulic gradient

14 0 Saturatad zone b parUMter

L4 * Water tablo drop r-to (m/v)

L4 . w-11 pump intake depth (m blow water tabla)

L4 o HO&l: Nondisparsiotl (ND) or 14ass-Balmnca (MB)

14 ~ Individual ~● uao of gruundwatar (m**3/W)

o

* 1.000E+06 ● 1.000R+04 ●

● 1.500B-01 ● 2 .000B+OO 0

● 1.SOOB+03 e 1.000E+02 *

● 1.000B+02 ● 3. 000B+O1 *

● 1.500E+01 * o .000B+OO 0

e 1.oooB+oo * 1.000B+oo e

e 3 .000B+OO * 3 .000E+OO *

* 1,0005!+01 * 1.000R+O1 0

0 3 000E+O1 o 3.000s+01 0

0 5.000 E+O1 0 1.000E+02 0

e 1.000B+02 O 3.0008+02 *

e 3.0008+02 0 1.000R+03 .

0 5 .000B+02 * 3.0008+03 *

0 1 .0008+03 0 1.0006+04 Q

* e e

* 1.610S+00 ● O .000B+OO *

e 6 .990B+O0 * 0.000B+OO o

0 not used e 0.0008+00 e

* 1 .000B+OO * 0.0009+00 *

0 e *

* 0.0005!+00 ● o .000E+OO *

o not ucod * 1.500B+O0 0

0 not used e 1.000E-03 e

0 i . SO OB+OO e 1.500B+O0 0

0 1.000B-03 0 1.000B-03 0

0 4.000 E-01 0 4.0008-01 0

e 3,0008-01 0 2.000B-01 Q

* 1.000R+O1 0 1.000B+O1 0

* 5 .300E+O0 * 5.300B+O0 _

e not uaad 0 8.000B+OO e

0 6.000B-01 0 5.000B-01 ~

0 I .0006+00 0 i.ooori+oo e

* o.0008+00 * 2.000s-01 e

o overhead 0 overhead *

Q 4.000E-01 * 2.000E-01 *

0 1.000S+06 0 1.0006+06 0

* 1,0008-03 e 1.000E-03 o

. e 0

e 1 .Sooli+oo * 1.5008+00 Q

0 4,0008-01 0 4.000B-01 *

Q 3.0006-01 Q 2.0008-01 0

0 1 .000R+02 0 1.000B+02 Q

Q 2,00013-02 4 2.000U-02 9

* 5.3oofi+oo 0 S.300E+O0 0

* 1.0008-03 0 1.0008-03 _

o 1 ,000B+O1 9 1 .000B+O1 0

em am 0

“ not umod e 2.500B+02 0

0 . 0

---
---
---
---
-“-

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

----

---

---

---

----

---

---

---

---

---

---

● AWSA

● THICKO

● ICSPAQ

● SRLD

● TI

0 T( 2)

e T( 3)

o T( 4)

0 T( 5)

0 T( 6)

0 T( 7)

0 T( 8)

0 T( 9)

“ T(10)

0

* Sl( 4)

0 Sl( 5)

* WI( 4)

* Wl( 5)

0

“ COVSRO

0 DSNSCV

O Vcv

“ DENSCZ

0 Vcz

“ TPCZ

0 BPCZ

0 HCCZ

_ Bcz

0 HUWIf3

* BVAPTR

0 PRBCI P

o RI

0 IDITCH

0 RUNOFF

0 wA.-t2A

“ RPS

o

e DENSAQ

“ TPSZ

e RPSZ

0 HCSZ

0 HG~

v BBZ

*VW2

e DWIBW2

e MODEL

OWN

e
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Y : Faming sc.nario t2 (On-Sits Drinking Water), Av.mg* -Omtmt km

: FARH2 DAT

8it0-Sp.cific Pa-tor S~ (continual)

) ● Ua9r e ● Mby R3fsRAD ● Pa~tOr

, Paramat●r ● I~t ● 00f●ult “ (If diffotwit f- u-r input) ● w

70

~ -t . 2- 1, thic3cm9c (m)

~ Umut . z- :. amil danoity (g/m* *3)

J waat . Z- !, tmtal porwicy

~ 3Xlaat. z- 1, ●ff*2t.iv4 pomaity

o ~e. ZOMS I, soil-~ific b pum.ter

~ UnOat . Zmmo 1, hydraulic Conductivity (m/yr)

*

* Distribution co.fficimts for U-234

@ Ccmtaminmted zone (cm**3/g)

a Unsaturated zone 1 (cm*●3/g)

o Saturated zone (cm**3/g)

. Loach rats (/yr)

0 SOluhility constant

0

* Di*tributicm coafficiontm for U-238

* -taminatod ZOMC (-**3/g)

● Unsaturate zone 1 (cm**3/g)

● Saturmtod ZOMO (-*• 3/g)

. hach rats (/y-r)

● Solblbility Cmnstant

.

e Dictributimn co.fficientm for daughter Pb-210

0 bnteainated zone (cm**3/g)

0 Unoaturatod zono 1 (m**3 /g)

. 8aturatod zone (cm**3/g)

* Loach rato (/yr)

* Volubility conmtant

*

o Distribution cmafficiento for daughter Ra-226

0 caataminatad zone (cm*●3/g)

0 Unsaturated zono 1 (cm**3/g)

0 Saturated Zona (cm**3/g)

● Loach rate (/yr)
e Volubility constant

.

0 Distribution coofficiente for daughter Th-230

* Contaminmtsd zone (cm*●3/g)

0 Unsaturated zone 1 (era*●3/g)

o Saturated zone (cm*●3/g)

o Loach rate (/yr)

0 Solubil ity conmtmnt

.

0 Inhalation rata (m**3/yr)

0 uaae loading for inhalation (g/m**3)

* 1.0008+00 ● 4.000s400 #

● 1.500s+00 ● 1.SO08+O0 ●

* 4 .000B-01 ● 4.000s-01 ●

● 2 .000S-01 ● 2.000B-01 ●

● s .300s+00 ● S.300S400 ●

* s .000s+01 ● 1.000B+O1 *

e .0 *

0 * e

0 5.0005! +01“ S.000B+O1 “

O 5.000%+01 * 5.0008+01 *

0 s 000E+O1 “ 5.000E+O1 “

0 0 .00053+00* o.0006+00 “

_ o .0005$+000 0.0008+00 0

0 0 0

0 0 Q

e 5 ooou+ol ~ 5.000ts+ol e

● s .000B+O1 ● 5, Ooou+ol 0

* 5 000R+O1 * s.Oooll+ol e

● c,.000R+OO m 0.0008+00 “

@ ~ .Ooog+oo ● 0.000a+oo 0

0 0 ●

e 0 *

* 1.OOOB+02 0 1.000H+02 e

* 1 0009+02 0 1.0005! +02 “

0 1 .0006+02 * I. 0008+02 e

0 0 . 0008+00 0 0. Oooiwoo o

0 0. OOOB+OO _ 0. Ooou+oo e

* 0 0

* e *

e 7. ooot3+ol 0 7.000R+O1 @

~ 7 .Ooofl+ol ● 7.00013+01 e

e 7.00053+01 * 7.00 E+ol ●

* 0.Oools+oo * 0.000R+OO ●

0 0,000!3+00 * 0.0008+00 0

e * 0

0 0 *

0 6.000U+04 0 6.0005!+04 e

0 6.000S+04 - 6.0008+04 8

0 6 .000B+04 o 6.000W+04 e

0 0. 000R+OO* 0. 000E+OOe
0 0. 0006+00 e 0. Ooolz+ooo
0 0 0

0 8.400B+03 * 0,4008+03 *

0 2.000R-04 e 2.00011-04 0

* Dilution length for airborne duet, inhalation (m) 0 3 .0008+00 e 3.000E+OO 0

0 13xpaau~ duration 0 2.0008+01 * 3.000B+O1 *

Q Shielding factor, inhalmticm e 4.000 M-01 * 4.000R-01 @

o Shialding factor, ●xtornal gasma * 7.000B-01 Q 7,00013-01 *

@ I&action of timo cpant indoors Q 5.000E-01 e s.000B-01 *

0 Fraction of timo opant outdomrm (on mite) o 2.500S-01 e 2.500H-01 Q

---
---
---

1.7786-05

---

-..
---
---
---
----
---
---
---

---
---
----

2.12533-02

---

4.61SE+O0

4.61035+00

4 .61aB+O0

2 .213E-01

---

---
---
---

1.065B-02

---

---
---
---

1.S19E-02

---

..-
● n(l)

.-.
● -uZ(l)

..-
● TPUZ(l)

.-.
● EsUs(l)

..-
● BUX(l)

___
● HCOZ(l)

*

e

0 DCNUCc( 4)

0 DcNucu( 4,1)

“ DcNucs( 4)

* ALsAat( 4)

0 SOLUBK ( 4)

0

●

“ DcHr3cc( s)
* DcHucu( 6,1)

“ DcRucs( s)

● ALsAa4( s)

● SOLUBK( s)

●

0

* DcNuc’c( 1)

0 DcHucu( 1,1)

0 2CNUCS( 1)

0 ALSACH( 1)

o SOLUSK ( 1)

.

e

0 DcNucc( 2)

0 DcHuc13( 2,1)

0 DC?4UCs( 2)

* -ai( 2)

@ SOLUSK ( 2 )

e

o

0 Dcmxc( 3)

0 DcNucu( 3,1)

* Dcr4ucs( 3)

e ALSACH( 3)

o SOLUSK ( 3)

o

0 INHALR

0 MLINN

0L14

* ED

D SHP3

* SHP1

4 FIND

0 FOTD
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: FAIm2.DAT

Sito-sp.cific Pmrm.t.r S~ (conti.d)

B * CJo4r ●
● vndby RssnD “ P8ruoter

D P8xBt0r ● Input * Dofkult c (If dlfforont fma -r input)● -

“vf~,ati~

● Plactions of UMnAlu ~o Vithim MBA:

e outor umauhr radius (9) - 8(1/S1

● mltor 4mmu2u mdiw (d - <(lo/B)

● outor mmuhr ndius (=) - =(20/9)

● tutor anular radium (d . ● (50/B)

● outer mnulu radiw (m) - c(loO/D)

0 cater annular radium (m) - . (200/D)

. out-r mnular radius (=) . c(500/D)

m outer mnnuhr radius (m) . c(1000/D)

e outer ●nnular Ladlus (m) - .(5000 /D)

0 L%JtOr UMXJhr c8diu~ (d - .(1.i!+04/D)

● outer annular radius (m) - ● (1.E+OS/D)

e outer annular radius (-) - ● (I.B+06/D)

●

● Fruits, ~t&los and grain cmn~tion

● 1.0008400 ● 1.000B400 ●

● ● ●

● nmt.used ● 1.000B+OO +

● Imtund _ 1.000E+OO ●

● mOtuSod ● 1.0008400 ●

● not -d ● 1.000B+OO ●

*nmt UOad ● 1.000B+OO ●

● nmtusOd ● 1.000s+00 ●

● Ilmt U* ● 1. Ooon+oo ●

o not used e 1.0006+00 *

o not ueed 0 1.000B+OO *

* Iwt Uomd * 1,.000B+OO *

● not used ~ o.Ocosi+oo 0

a not ueed 0 0.OCJOB+OO *

0 * 9

(kgfyr) ● 1.600B+02 * 1.600X+02 *

● bafy vogotablo cenm~t itm (kg/yr)

● Milk ccam~tion (L/yr)

● Isaot and poultry cenmmptimm (kg/yr)

● Fish Ooaotmptimm (kg/yr)

* Othmr oufood oau~imm (kg/yr)

● Smil ing.stlmn rate (g/’,fi)

● Drinking watar imtako (L/yr)

● Conttinaticm frmction of drinking wat.r

c Cmntaination fraction of hausahold water

● Cont~nation f raction of 1ivaatmck water

● fkntnination fraction of irrigation watar

● Cant&mat icm fraction of ●quintic fwd

● Contminatia> fraction of plant food

* Contamination fraction of -at

● Ckmt-inetion fraction of milk

●

● Livootock fmdd.r intake for mat (kg/day)

● Livostmck fodda intake for milk (kg/day)

● Liv_tock water intake for moat (L/day)

● Livootmck watsr intda for milk (L/&y)

* Livoctw”k soil intake (kg/day)

● tlass loading for foliar dapcmition (g/m**3)

e Doptht of soil mixing layer (m)

s Depth of roots (m)

● Drinking w=tor traction from grvund water

0 Woucohold water fraction from grvund water

● Livestock water fraction from gr-c.undwater

0 Irrigation fraction frou ground water

.

* C-12 concentration in water (g/a* *3)

● C-12 concentration in contmminatod wil (g/g)

● Praction of v.getotion carbon from wil

● ~r9ctimn of vegetation curtwn frim ●ir

● C-14 evamion lay*r thimknoss in soi1 (m)

● 1.400B+01 ● 1.400B+!31 ●

● 9.200B+OI ● 9.20011+01 ●

● 9.200E+01 ● 6.300E+01 ●

● s .400E+O0 ● 5.400B+O0 ●

● 9.000s-01 ● 9.000E-01 ●

● 3 .650E+01 ● 3.6SOB+01 Q

0 5.100E+O2 ● s .100E+O2 *

0 1 .000E+OO * 1.000B+OO *

● 1 .Ooon+oo ● 1.000B+OO 0

* 1 .000B+OO ● 1.Ooou+oo *

e 1.OOOB+o O 0 1.0008+00 *

* 5.000Z-01 * 5.0006-01 *

._~ *-1 0

o-~ ●-1 *

●.1 ●-1 ●

e ● e

● 6.000S+01 ● 6.@OOR+Ol ●

* 5.500B+01 0 S!SOOIS401 0

e 5.500S+01 ● 5.oootl+ol e

* 1.60011+02 ● 1 .6001z+02 0

● 5.000R-01 * S.000u-ol *

* i 000R-03 * 1 .Ooorl04 0

0 1.50011-01 0 1,500B-01 *

e 9.000 ii-ol * 9.0008-01 0

* 1.0008+00 * 1.Oooll+oo *

* 1.0000+00 Q 1 .000B+OO e

e 1.0008+00 * 1.oooii+oo e

* 1,0008+00 O 1.0008+00 0

e . .

0 not used e 2.000B-05 0

● not used c 3.OJOII-02 0

* not umed * 2 .000 E-02 o

● not utiod * 9 .000B-01 ●

● not umod * J<ooon-ol *

---

---
-..
---
---
---
---
---
---
---
---
---
---

---
---
---
---
---
---
---
---
---
---
---
---
---

0.SOOB+OO

0.100B+O1

0.100B+OI

---

---

---

---

---

---

---

---

---

---

---

-..

---

---

---

---

---

● ni

●

● PxAcA( 1)

● ~( 2)

● ~( 3)

● PuAcA( 4)

● PsAcA( s)

● ~( 6)

* PsAcA( 7)

* PRACA( 8)

* PILAcA( 9)

* FRAcA(lo)

0 PPAcA(ll)

● PRAC.A(12)

0

● DIET(1)

● DIET(2)

“ DI~(3)

● D19T(4)

● DIET(5)

● DIST(6)

● SOIL

@ DUI

@FDw

0 Fliww

● PLW

0 FIRM

“ FR9

* PPLU4T

0 PMSAT

~ PUILK

*

“ LP15

0 LP16

0 LW15

~ LW16

0 LSI

0 HLYIJ

~Dw

0 DROOT

“ IWWDW

o FGWHW

0 FQWLW

* PowII?

o

@ c12wrR

0 C12CZ

* CSOIL

“ WR

0 WC
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8it0-Spaci fie Pummt*r S~ (cmtinuad)

● “ our ●
● oaad LryRBsRAD ● Paramat*r

* Pzrxwtor ● -t “ Defau2t * (If differ-nt froa ua.r input) ● Wzmz

● C-14 0v4slon flux ratof- 9011 (l/no)

● C-12 mmsion flux nts fmm moil (1/a4c)

● Fracticm of grain in bo4f cattlo fo4d

● ~iOUOffZdOiU xilk~faod

s

● mckno- of building foundation (m)

● bulk dznsity ef building fcundztion (g/~* *3)

● Total Pc.mity of tha covar ~torial

* Totml poxvaity of the building foundation

0 Volumetric water content of the cover aaterial

* Volumetric water content of the foundation

* Diffusion ccaafficiant for radon gas (m/mOc) :

* in covmr azt.rial

e in foundation material

0 in ccntaxinated zcme soil

● Aadm %rtical dimnflion of mixing (m)

* Avo~Q annual wind c- (m/8ac)

● Ava~ building ●ir ucchange rate (1/hr)

● Hoi@it of tho Lwilding (moo) (m)

● Buildi~ interior araa factor

c fiuildins dapth balow ground ourfaco (m)

* Sh9nating PowOr of Rn-222 gas

* 3kznating pmnr of Sn-220 gas

● not@ ● 7.0008-07 ●

● mtu,ed ● 1.000s-10 *

*not u9ad ● @ .0008-01 ●

● motund ● a -000s-01 ●

● ● b

S 1.s008-01 ● 1.500SI-01 0

* 2.400ss+00 ● 2.400ss+00 “

● nOtuaad 0 4.000B-01 S

S 1.000B-01 ● 1.000B-01 0

s not used e 5.000B-02 e

o 3.000B-02 4 3.0006-02 0

0 0 0

0 not used e 2.000SS-06 e

0 3.000B-07 e 3.0008-07 0

● 2 .000E-06 e 2 .000IS-06 e

* 2.ooosi+oo e 2.000 SJ+OO o

● 2.000E+oo * 2.000ss+00 e

* 5.000B-01 ● S .000B-01 e

● 2.Sooll+oo ● 2.500ss+00 *

* 0.000s+00 * 0.Ooox+oo 0 coda

● 1.000B+OO * 1.Ooou+oo 0

* 2.S006-01 * 2.500B-01 0

* not used ● 1.!500E-01 0

---- ● BVSSS

. . .
● RSVSN

---
● AVPG6

---
● AWG6

●

---
● em

--- “ D8NSPL

--- *T3XW

--- “ TPPL

--- 8 PH2KV

--- 0 P3420FL

.

--- e DIPCV

--- 0 DIPPL

--- 0 DIPCZ

--- 9 f4MIX

---
● mm

--- ~ S.SXG

--- ● t5ss

~t~ (tin dapuuiant ) ● PN

---
● DSSPL

--- “ Bs4ANA(l)

--- e BUANA(2)

a~ry of Pathway Selections

Pathway 0 User Salection

titiA6h6h4uwua&&ti6666666u&6uhm6uh&66

1 -- ●Xternal g~ ● ●ctive

a -- inhalation (w/o radon) e ●ctiVa

3 -- plant ingomtion * ●ctiv.

4 -- aaat ingestion 0 ●ctiv.

S -- uilk ingoation e active

6 -- ●quatic foods e ●ctiv*

7 -- drinking water 0 active

8 -- soil ingestion 0 ●ctive

9 -- radon 0 activo

bA44bb&6b&4&&&46 &&4&&&&& &66b666&66&&66&6 &6b&&664bb&
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Input &ta for f~ing scenario #2 (on-site drinking water), 35 pCi/g soil wmcentration and 1
pCi/1 water concentration.
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la Radioactivity Program. Vol-mia s ,00 04/24/94 17,37 Pqa 6

w: F-- 9c~i0 #z (on-Sit9 ti~i~ Mt*r), 35 Si/g

b : PARW23S .DAT

Sit. -Specific Pa~tOr ~

● ● Unr ●
● Uod by R31sshu ● P8~t0r

~o P~ter ● I-t 8 Wfmdt ● (If diffo-t fm unr input)* s

1 ● ~ of -t*~ ~ (.**~)

L ● ~~m. of -t~~t~ Z-* (.)

k ● ~ guozlol to aquifU fkld (d

L ● Baoic rdhtial &ma limit (-rn/yr)

t of Ntorrid (y-r)L c Tiw sinca Ph-

1 ● fit.. for calculations (yr)

L o Times for Calculat inns (yr)

1 0 Tig.m for cdculatlonS (yr)

i . ‘fin- for calculations (yr)

1 “ Times for calculations (yr)

1 0 Timoc for Calculatioma (yr)

L e Tins for CdCUhtiUIS (v)

1 ● Tim.s for calculatiOfIS (w)

1 ● Times for Calcuhtlcm= (w)

●

2 ● 2nitial princi~l rdionuclia (@i/g) : U-234

2 * Initial principal radicmuclic~ (pCi/g) : U-235

2 ● Initialprincipal rdionuclids (pCi/g) : U-238

2 ● ~antration in greuudwatQr (@/L) : U-234

z . ~mt~ti- in groundbmt.r (@/L) : U-235

2 * ti~t~ti- in gnxmdwator (@/L) : U-238

●

3 ● Covar depth (m)

3 0 O.nsity of cov.r wt.rial (g/cm**3 )

3 0 Covor &pth ●rooicm rata (m/yr)

] . kn~ity of contuinatmd 2-0 (g/-”*3 )

3 . ~t~i~tad z~e •zogi~ nta (m/yr)

I . cuttaminatod zona total WI u ity

3 “ (bntuinatod zc+w ●ff.ct iv. porw i ty

3 ● Gntttinated zon. hydmulic _&tctivity (w/yr)

3 ● ~td-t.d zona b Pu6.tor

3 . lf~dity in ●ir (g/m**3)

3 ● lfvm~trmspiz-ation coofficiont

3 ● ~cipitatim (-/W)

3 ● Irrigmticm (m/yr)

3 e Irrigation mod.

1 0 R_ff xffici~n~

3 ● Water8hed ●rea for nearby strmm or pond (m”●2)

3 “ Accuracy for watOr/soi 1 computations

0

4 0 Ilwmity of ●tm-m:.d zon. (9/cm**3 )

4 * Saturated Zono total l=r=~~ty

4 . saturated zone ●ffoctiv. poroaitY

‘ 0 SaLuratad zon. hydraulic conductivity (m/yr)

* + $aturatod wne hydraulic gradient

4 z s~tuntod zcma b paramotor

4 “ Water table drup rat. (m/yr)

4 * WO1l pU~ intakodapth (m bOlOW W_tOr t~~-)

4 ● M-I: ~ndisp.rejon (141J)or Ma@M-BaluIc. (MB)

● 1.000s+06 * 1.0008+04 ●

● 1.SO08-01 ● a .000s+00 *

● 1.500s+03 ● 1.000S+02 ●

● 1.000B+OZ ● 3. 000s401 ●

● 1.SOOB+O1 ● 0.000E+OO ●

● 1.Ooou+oo ● 1.000E+OO *

0 3.000R+OO = 3 .Oooe+oo *

0 1.000B+O1 ~ 1.000B+O1 *

* 3 .oollB+ol ● 3 .000R+O1 *

* 5.Ooou+ol 0 1.000K+02 *

● 1 .000U+02 ● 3.000E+02 *

* 3 000s+02 0 1.GOOB+03 *

* 5.000E+02 * 3.000E+03 *

e 1.000B+03 * 1.0008+04 ●

● ● *

● 1.600B-03 ● 0.Ooon+oo ●

● 7.ooon-02 ● o. 0008+00 ●

* 3.409B+01 0 0.000B+OO *

● rmtusOd ● 0.000E+OO ●

● not Used ● 0.0008+00 ●

● 1.00013+00 ● 0.00013+00 ●

* # e

* 0.Ooon+oo * 0.OOOB+OO e

0 not used 0 1.Sooe+oo *

● not umed * ‘1.000B-03 ●

Q 1.5oon+oo * 1.SOOE+OO ●

● 1.000E-03 a 1.00013-03 *

e 4.000E-01 e 4.1300B-01 *

● 3.000a-ol ● 2.000B-01 ●

● 1 .000B+O1 ● 1.000B+O1 *

● s .3008+00 ● 5.3008+00 *

● not used ● 8. 000s+00 *

● 6.000u-01 e 5.000n-ol ●

“ 1 000B+OO * 1.Ooom+oo ●

● o .Oooa+oo ● 2.Ooom-ol ●

● ovorhoad * ovsmhemd *

* 4.000B-01 * 2.COOE-01 *

* L .0006+09 * 1 OOOt3+06 *

● 1.000n-03 ● 1.000n-03 *

. 0 ●

* 1.5oom+oo * 1.500B+O0 *

o 4.0001i-ol * 4.000n-ol *

* 3 .Ooom-ol * 2.000E-01 *

* 1 .00011+02 * 1.Ooon+oz e

* 2.000B”02 * 2.000B-02 ●

● s .300B+O0 ● 5.3008+00 *

* a.000B-03 * 1.0008-03 *

0 1.00051+01 * l<OOOR+O1 0

cm *WD e

---
---
---
---
..-
---
---
---
---
---
---
---
---
---

---
-..
---
. . .
---
---

---
---
---
---
---
---
---
---
---
---
..-
---
---
---
---
..-
---

-..
---
..-
---
---
---
---
..-
. . .

● mm

● TlfICSCO

● IX2PM

● SRU

● TI

e T( 2)

e T( 3)

o T( 4)

o T( 5)

0 T( 6)

0 T( 7)

* T( 8)

Q T( 9)

e T(10)

* 81( 6)

● 51( 7)

● 81( s)

● WI( 6)

● Wl( 7)

* m( 8)

●

0 COVSRO

● DSNS~

0 Vcv

e DSWSCZ

* Vcz

e TPcZ

● EPCZ

● KC%

● Scz

* WISIID

● SVAPTR

0 PRSCIP

● RI

0 IDITCW

● RUWPP

* WAUSA

* BPS

*

o DEtiSAQ

o TPsZ

● IPSZ

e 15csz

*wowr

* BSZ

cm

@ DWIBW2

e MODEL
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Sit* -Specific P~t*r S~ (Ccmr.lnued)

b . UeOr * ● WA by RSBRAD ● P.9rmt*r

● P~ter ● Input 0 DOfaul t “ (If differwnt fc ueer input)● m

● -r of W122tmzwod ZaM 2tr&.e

● TA2eat. Zaie 1, thicklwss (d

● -t. 2** 1, ceil dmnsity (g/-* *3)
● W*. ZaiO 1, total pzwity

“ -t - Zaie 1, ●ff40tiva porooity

● mm-t . zono 1, soil-specific b ~tor

● Lhacat. zone 1, hydraulic conductivity (m/yr)

●

● Di9tribUti_ C9.fflCiOntS for U-234

0 Contaminated zone (cm**3/g)

0 Unsaturated zone 1 (CM*●3/g)

● Seturated zono (c=**3/g)

. Leach raco (/yr)

e 8olubility conotant

0

D Distributica Co.fficiants for U-235

D Cc81wMted z0n9 (a**3/g)

B maturated Zcnae1 (c=**3/g)

t 82turated zone (cm**3/g)

D Lbech ret. (/w)

B Volubility Cceutant

I

b Distribution Co.fficianta for U-23C

) Cantuinated zone (c9**3/g)

Unmaturatod zone 1 (cw ● 3/g)

Saturat*d zone (cm*●3/g)

Leach race (/yr)

SOlubi lity conmtant

Distribution ceefficionts for daughter Ac-227

Cmtuinated zono (cm**3/g)

un*-turttOd Z** 1 (c@*3/g)

&tur8ted zono (cm**3/g)

Leach r~to (/yr)

SOlubility constant

Distribution c0Uffic10nt6 for dmqhter P--231

Contaminated zone (ca**3/g)

13mcturated zone 1 (c2**3/g)

Saturmted zone (cm*● 3/g)

Leach rate (fyr)

SOlubility conotant

Distribution cwfficionts for daughter Pb-210

~taminated zone (cm**3/g)

unsaturated zone 1 (c=* ●3 /g)

Saturatad zonm (cm* ● 3 /g)

Mach rate (/y.-)

l)olubi 1 ity ccn9tent

● 1 *1 ●

● 1.0008< 00 ● 4.000s+00 ●

● i.SOOE+OO ● 1.SOOR+OO ●

* 4. OOOE-01 . 4. oooE-oi ●

● 2.0008-01 ● 2.0008-01 ●

● 5.3oom+oo ● s .300B+O0 0

● s.00013+01 ● 1.Oooll+ol *

e ● 0

. * *

0 5.000E+O1 * 5.0006+01 o

e 5 .00032+01 0 5.OOOB+O1 0

e 5.000a+ox s 5.000i3+oI o

_ 0.000B+OO ● 0.000E+OO ●

* 0.000B+OO 0 0.000B+OO 0

0 e .

● ● .

● 5.00032+01a 5.Ocoe+ol *

“ 5.000B+O1 = S.000B+O1 0

● 5.000B+O1 ● 5.000B+O1 ●

● 0.000B+OO ● 0.000B+OO ●

● 0.Oooa+oo 0 0.Ooon+oo *

e 0 e

. ● *

* 5.Ooolr+ol e 5.000IJ+O1 *

* 5.000B+O1 “ 5.Ooou+ol *

* 5.00032+01 ● 5.0000+0’1 *

0 0 .00012+O0 o 0.Ooorl+oo 0

“ 0.oO08+O0 e O .000B+oo e

. . e

0 ● .

● 2.000R+O1 ● 2.00032+01 ●

● 2.000R+O1 0 2.000B+OI ●

● 2 .Ooom+ol “ 2 .Ooom+ol *

* o.ooou+oo e o.ooou+oo 0

0 0.000B+OO Q 0.000R+OO o

0 * *

. e ●

“ S.000B+O1 “ S.000B+O1 Q

* 5.000B+O1 * 5.00032+01 ●

* 5.000B+O1 * 5.000s+01 0

● 0.0006+00 ● o Ooon+oo Q

* 0.000s+00 ● 0.000q+oo o

. . .

e . .

● 1 .00013+02 ● 1.000B+~2 *

* 1.Ooom+oa ● 1,000B+02 o

● 1 .000s+02 ● 1.000#402 Q

o 0,000s+00 * 0.0000+03 *

0 0.000s+00 0 0.Ooon+oo “

---
---
---

S.2605!-02

---

..-

.-.

. ..-

2 125B-02

---

---
---
-..

1.065U-02

---

---
---
---

2.125E-02

---

---
---
---

2.125E-02

-..

4.620S+00

4.620B+O0

4.620B+o0

2 .212s-01

---

. . . ● W

---
● n(l)

--- c 09muz(l)
---

● TK2Z(1)

---
● BPDZ(l)

--- 0 BuZ (l)

---
● Hcuz(l)

.

.

0 DCNUCC( 6)

0 0C34UCU( 6,1)

0 DCWUC.S( 6)

“ AL3UCM( 6)

e 90LUSK( 6)

●

0

● 23tnucc( 7)

● Dcsucu( 7,1)

● ~( 7)

● ALUAC2i( 7)

“ sD2AmK( 7)

m

*

* DQ3ucc( 8)

0 DcNucu( 6,1)

“ DC3iUc2( e)

“ ALSACH( a)

o SOLUBK( 8)

*

e

● DcNucc( 1)

0 Oc31uco( 1,1)

_ DcNucs( 1)

“ ALSACH( 1)

● BOi.USK( 1)

.

0

0 DcNucc( 2)

“ DCNUCu( 2,1)

0 DCNUcs( 2)

“ ALsActf( 2)

* SOLUBK( 2)

e

.

“ OcNuc%( 3)

0 DcNucu( 3,1)

0 DcNucs( 3)

“ ALMc2i( 3)

e SOLUBK( 3)
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-: F6ng aoanario ●2 (om-sits Mnk% wmt*r), 3s Fi/9

9 : PASM235. DAT

76

Sits-Spacific Parxtor S~2y (cmntinuul)

● ● Umr 0 * used by RSSXAD 0 Pmranter

~e Pmranter * Input ● Dafault o (If diffoTUit f= ua.r inpUt) 0 WMMO

~d~b~~~

f . m.t~~ti~ ~ff~ci~tg for ~t~r M-226 . ● ●

i. Ozeitminatmdzcima (a**3/g) ● 7. 0008+01 ● 7. Ooou+ol *

;0 thzaaturatad Zcrlo1 (cm**3/g) 4 7.Oooii+ol 9 7. 000s+01 0

1. titurmtad mona (a**3/g) ● 7. 000B+O1 ● 7. 000s+01 *

,0 LaaOh nto (/yr) ● O .000B+OO * 0.OOOB+OO 0

● Volubility constant * 0.000s+00 0 0.000B+OO *
● 0 0 0

0 Distributicm coaffici.nts for daughter Th-230 o 0 0

● Contaminated zona (cm**3/g) 0 6.000E+04 0 6.00013+04 0

e Unsaturated zone I (cm**3/g) 0 6.0006+04 0 6 .000E+04 0

0 Saturated zone (cM**3/g) 0 6.0008+04 e 6 .0008+04 0

. Laach rate (/yr) “ o.000E+OO 0 0.000E+OO e

0 Volubility constmnt 0 0.000S+00 0 0.000E+OO “

0 e e 0

0 Inhalation rate (m**3/yT) 0 8.4008+03 0 S.400B+03 0

* Waas loading for inhalation (9/9**3) e 2 .000i2-04 e 2.0006-04 0

. Dilution length for ●irborno dust, inhalation (m)” 3.0008+00 “ 3.ooou+oo 0

e RrpOaura duration * 3.0008+01 ● 3 .000B+O1 e

* Shielding factor, inhalation e 4.000B-01 o 4.0006-01 *

● Shielding factor, amternal g~ ● 7.0008-01 * 7 .000B-01 e

● ?ractionof time epottt indwre * 5.000E-01 * S.000u-ol 0

● Fraction of tin ●pant outdoors (on ●ite) _ 2.500E-01 * 2.Soori-ol 0

● Shape factor, 9xtornal g~ 0 1.000B+OO 0 1 .0008+00 “

* Fractions of annular ●raas within ARSA: e * e

. outer annular radiua (m) = =(1/Dl * not used 0 1 .000B+OO 0

D Outer mnnular radiue (u) = ● (lO/D) * not umed e 1.000B+OO Q

b cuter annular radiuc (m) - ●(20/D) 0 not used * 1 .0005!+00 0

I outsr annular radius (m) - ● (50/D) 0 not used 0 1.OOOB+OO “

out-r annular rodius (E) - ● !100/D) o not used * 1. 000B+oo 0

Outer annular radiua (m) . c (zoo/D) * not umed * 1.000B+OO *

Out.r annular~diu~ (=) . c(500/D) 0 not used 0 1 .000B+OO *

O@er annular radiue (m) = c(1000/D) 0 not uood e 1.000B+OO *

out~r annular redius (m) - ●(5000/0) * not uaod ● 1.Oooa+oo 0

out-r anm!lar radium (m) = ● (1 51+04/D) o not used ● 1.Ooon+oo *

outer ennular radiuo (.) . •~l .B+05/D) * not used “ 0.000s+00 *

outer annular radius (m) = a(I.B+06/D) o not used e 0.Ooou+oo *

* . *

Pnitm, vagctablam and grain concumptlon (kg/yr) “ 1.600E+02 “ 1.60052+02 “

Leafy Vegotablo consumption (kg/yr) 0 1.400B+01 o 1.4005!+01 0

Milk consumption (L/yr) 0 9.20011+01 “ 9.200B+01 *

Moat ●nd poultxy conmumpt ion (kg/yr) 0 9.200B+01 0 6.30011+01 e

Pieh ounmmption (kg/yr) e 5 .400B+o0 o 5.4008+00 o

other aoafood cammption (kg/yr) ~ 9.00011-01 ‘ 9.00051-o1 0

Soil ingcotion rate (g/yr) 0 3.65PE+01 0 3<650B+01 0

Drinking water intake (L/yr) 0 5.100B+O2 0 s.100E+O2 0

contamination fraction of drinking water * 1 .Ooou+oo * 1.000B+OO e

Cuztemination fractbzi of houoehold water “ 1.0000+00 ~ 1.Oooe+ocl 0

Contaminantion fraction of 1iveotock water “ 1,000C2+O0 e 1.000B+OO ~

bntamination fraction of irrigation water “ 1.000s+00 e 1,Oooll+oo *

contamination fraction of ●qwtic food * S .00061-01 ● 6<OOOU-01 a

---
---
---

1.51YE-02

---

---

---

---

1.77tE-05

---

___

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

-..

---

---

-..

-..

---

-..

---

.-.

---

---

.-”

---

---

---

e

● DUWx( 4)

● DclWzD( 4,1)

* ~( 4)

“ ALBAcW( 4)

0 sOLUBK( 4)

0
e

0 Dcx3c!c( 5)

0 Dcwucu( 5,1)

“ Dcwucs( 5)

0 ALBAcw( 5)

0 SOLUBK( 5)

0

● INWALS

e ULIM4

*U

*BD

0 sfiP3

0 SHP1

* PIWD

*POTD

o Psl

e

0 FRACA( 1)

0 PRACA( 2)

0 PRACA( 3)

* FRACA( 4)

0 PKACA( 5)

o PRACA( 6)

@ PRACA( 7)

0 PRACA( 8)

0 mm( 9)

0 PRACA(10)

o FRACA(ll)

~ PRACA(12)

0

0 D19T(1)

0 D1ST(2)

0 DIET(3)

a DIST(4)

0 DIST(5)

0 DIEr(6)

o SOIL

0 DWI

0 PDW

0 Plwtw

0 PLW

0 PIRW

“ FR9
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MXY : F-n9 ●~enario *Z (On-Site Drinking uater) , 35 pci/9

: PARJ1235.MAT

site-specific Parameter summmry (continued)

● 0 User * 0 Used by RSSRAO 0 Parameter

● Par8met9r 0 Input 0 Dmfault * (If difforent from u-or input) 0 24amm

~~wwu ~-~

&mtmi22atial fmc?ticaaof plant food

Comtaainatiomfraction of mat

-taimation fraction of milk

Liwatock fodder intako for meat (kg/&y)

Livestock fodder intake for =ilk (kg/dmy)

Liwstock watar intake for meat (L/day)

Liwstock water intako for milk (L/dmy)

Liwotock mi 1 intake (kg/day)

HaseI loading for foliar deposition (g/m**3)

Depth of wil mixing layer (m)

Oepth of rvots(m)

Drinking water fract ion frem ground wator

Houmahold water fraction from grwmd water

Livestock water f raction Ervm ground water

Irrigation fraction frca ground water

C-12 concentration in water (g/cm**3)

C-lZ concentration in contaminated soil (g/g)

Pratt ion of ~.tat icm carbon fma sOi1

Prmcticm of wgetation carbon from ●ir

c-14 evasion layer thicknoas in moil (m)

C-14 ovaoion flux rat* from soil (1/sOc)

C-12 ovmsion flux rate frca moil (1/oec)

Fraction of grain in beef cattla feed

Praction of grain in milk cow feed

Thickmms of building foundation (m)

Bulk denmity of building foundation (g/cm**3 )

Totml @rosity of the cover material

Total porooity of the building foundation

Voluamtric water ccmtant of tho covor material

Volumetric water ccmtont of tho foundation

Diffunion coefficient for radon gas (m/Oec) :

in cover material

in foundation mmtorial

in contaminated zone -i 1

Radon \.ertical dimenoion of mixing (m)

Avarage ●nnual wind speed (m/ooc)

Average building ●ir axchanqa rate (1/hr)

Height of. tha building (room) (m)

Building interior area factor

Building depth below ground eurface (m)

Emanm’.ing powor of Rn-222 gao

5tamnating power of Rt]-220gas

●-1 0.1 0

●-l 0-1 *

e-l 0-1 e

0 e e

● 6.8008+01 * 6.8008+01 e

0 5.5008+01 e 5. 500B+01 J

* 5. 5008+01 * 5 .000B+O1 0

0 1.600B+02 0 1.600B+02 0

e 5.000E-01 * 5.000P-01 *

0 1.000B-03 0 1.000B-04 0

0 1.50055-01 0 1.500B-01 0

0 9.000B-01 * 9.000R-01 Q

0 1 .00013+O0 0 1 .000B+OO e

0 1.000B+OO 0 1.000B+OO n

* 1 .0008+00 e 1 .0008+00 e

* 1. 0008+00 e I .000iz+oo 0

0 * 0

0 not used 0 2.000B-05 0

0 not umed * 3. 000R-02 *

* not usad * 2 .000B-02 e

o not used 0 9.eooE-ol 0

0 not umed Q 3.0006-01 0

* not.used e 7.000B-07 o

0 not used e 1.0008-10 0

* not used “ 8.000B-01 Q

e not umed 0 2.000B-01 o

e . 0

0 1.500B-01 e 1 .SOOB-01 o

e 2.400B+O0 o 2.400B+o0 0

0 not used “ 4.04)08-01 Q

e 1 .00011-01 * ‘1.000B-01 *

* not us-d * 5.000B-02 0

e 3 .000B-02 0 3,000B-02 e

* * o

0 not used 0 2.000B-06 o

0 3.00052-07 0 3.000B-07 o

“ 2.000B-06 0 2.000R-06 0

0 2 .000B+OO “ 2 ,000B+OO 0

q 2 .000B+OO @ 2 .000B+OO 0

“ 5.0005?-01 0 5.000 B-01 ~

0 2 .500B+O0 0 2 .500B+O0 0

O.SOOE+OO
0.100B+Ot

0.100B+O1

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

..-

.-.

---

---

---

---

---

---

---

---

.-.

---

---

-..

..-

...

* PPIJw?f

0 FSBAT
● FSILN

0

e LF15

0 LF16

0 LWIS

e LW16

0 LSI

0 MLFD

0D14

0 DROOT

0 FGWDW

OFGWfiH

0 FGwLw

o FGWIR

0

0 c12w21t

* C12CZ

0 CSOIL

“ CA2R

* C44c

0 flvsu

0 RSVSN

0 AVFG4

0 AVFG5

o

0 FLOOR

0 DBNSPL

0 TPcV

e TPFL

* PH2DCV

0 PH20PL

0

0 DIFCV

0 DIPPL

o DIPcz

o HMIX

0 WIND

0 RBXQ

o HRW

0 0.000 B+oo o 0.000 B+OO 0 code computed (tima dependsnt) 0 PAI

“ 1.00UB+OO e 1 .0008+00 o --- 0 DMPL

0 2.SOOB-01 o 2.500B-01 o --- 0 SMANA(l)

0 not umod 0 1.s0052-01 * --- 0 sf4ANA(2)


